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This  theiii  focuses  on  the  study  of  the  contribution  which  artlflcUl 
barriers  suike  to  the  coabat  process.  This  problca  area  has  been  of  particular 
concern  In  force  structure  analyses  at  the  Departsent  of  the  Amy  level.  The 
U.S.  Amy  has  acknowledged  Its  cossiltaent  to  barrier  operations  by  stated  doc- 
trine. significant  stockpiles  of  barrier  aaterlals  and  war  plans  which  allocate 
significant  portions  of  deployed  forces  to  the  execution  of  barrier  plans. 

In  the  cnvlronacnt  created  by  reduced  force  levels  and  Inflationary  budgets 
the  high  level  decision  aaksr  faces  the  continual  dilsaBa  of  deciding  where 
to  accept  force  reductions  and  how  to  adjust  alsslon  rsquirsaents . To  be 
coepetitlve  In  that  envlronaent  the  barrier  aisalon  Bust  be  assessed  on  the 
basis  of  Its  contribution  to  the  force  alssion.  An  acceptable  analytic 
■ethod  has  not  besn  dsvsloped  which  will  provide  that  assasss«nt. 

The  Intent  of  this  thesis  was  to  provs  the  feasibility  of  a technlqus 
for  studying  the  barrier  problaa.  The  conclusion  that  the  particular  technique 
rscoaswndsd  by  this  thesis  is  feasible,  does  not  appear  to  be  Invalidated  by 
the  difficulties  encountered  in  structuring  the  nodel.  Reconnendations  for 
a second  generation  aodel  with  a s»re  flexible  representation  of  possible  Red 
strategies  and  a concentrated  effort  to  develop  Blue  decisions  which  accurately 
reflect  the  lapact  of  the  siaulated  tlae  period  continue  to  be  appropriate. 


Unclassified 

HCumTr  CLAUIFICATION  OF  THIS  FAOC(VAm  OM«  Enitni) 


THl  FEASIlILm  or  MEAStntXMG  THK  CONTKIBUTION 


or  AftTirXCIAL  OISTACLE  ST8TIMS 


nils  thtiia  foeuMt  on  th*  aiudar  of  tho  oontrlbution  lAldi 
•rtifioial  barrlors  uko  to  iho  ooabat  prooosa*  This  prohlsa  ars* 
has  baan  of  partloolar  oonoani  in  foroa  siruotura  aaalyaaB  at  tha 
Dapartaant  of  tha  Atiqr  laval*  Tha  U*S*  Axajr  haa  aokaowladfad  ita 
ooMitaaat  to  barriar  oparatloaa  bjr  atatad  doetriaa,  ai^iifioaBt 
stockpilaa  of  barriar  aatarlala  and  trar  plans  idtioh  allooata 
si0iifieant  portiona  of  daplosrad  foroaa  to  tha  axaoutioa  of  barriar 
plans*  In  tha  aavirooaMmt  oraatad  by  raduead  foroa  lavala  and 
inflationary  bndflate  tha  high  laval  daoiaion  nakar  faoaa  tha  oontinual 
dilaana  of  daoiding  idiara  to  aooapt  foroa  raduetiona  and  bow  to 
adjiwt  ■lasloa  ra^lraaiaota*  To  ba  ooaipatitlTa  in  that  anwironaiapt 
tha  barriar  nission  nost  ba  aaaaaaad  on  tha  basin  of  ita  oontribution 
to  tha  foroa  nission.  An  aooaptabla  analytie  aatbod  haa  not  baan 
davalopad  ^ioh  will  provida  that  assaaanant* 

Tha  nilltary  ooaanmity  has  ganarally  aooaptad  thraa  qualitativa 
dasoriptora  as  rapraaantatlva  of  tha  barriar  oontribution^— diraot 
attrition,  targat  anhancanant  and  daisy.  Slraot  attrition  rafars  to 
opponent  loases  Infliotad  by  landninaa*  Target  anhanoanant  ia  defined 
aa  any  inprovsnant  whioh  aooruas  to  tha  dafandar'a  weapons  as  a result 
of  the  eoiploynant  of  artifloial  obataolaa.  The  supporting  reaaaroh  for 
thla  theaie  indioataa  that  inprorad  aathods  for  asaasaing  thaaa  two 
impaots  either  exist  or  are  vidar  dawalopnant.  Tha  inpaot  of  delay  is 
than  tha  appropriate  target  for  addittonal  analytic  effort. 
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Sxltting  historloal  data  and  analjraaa  war«  aaaasaad  in  an 
attaapt  to  daflna  qualitatively  the  impact  of  bax^ier  delay.  That 
reaearoh  Indioatee  that  the  uae  of  artlfioial  obetaoles  oontributed 
to  eeveral  important  combat  oapabilitlme.  ikaong  theee  were  the 
oapability  to  ezeroiee  eoonomy  of  foroe,  break  or  maintain  contact , 
prepare  mubeequent  poeitione  and  develop  intelliganoe.  Unfortunately 
the  employment  of  a barrier  did  not  fumrantee  theee  capabilities.  Thus 
delay  is  sipiifioant  only  if  the  oommander  has  the  freedom  to  employ 
other  foroe  assets  in  a manner  whioh  makes  the  delay  useful.  The 
resulting  oonolusion  is  that  any  attempt  to  assess  the  barrier  impact 
by  ezplloltly  measuring  delay  would  not  provide  adequate  representation 
of  the  barrier  funotion. 

To  provide  a useful  method  for  aaaesameat,  the  analytio  effort 
MM  then  direoted  to  the  developaeat  of  a model  wfaieh  oould  portray 
freedom  of  motion*  freedom  of  aotiem  la  this  ease  is  being  defined  as 
the  oapability  to  aeleot  alternative  oouraee  of  action,  one  of  wfaioh 
la  the  artlfioial  barrier,  for  aooompliabiJig  the  foroe  mission.  The 
creation  of  that  environment  required  a modeling  teohnlque  diasimilar 
to  those  currently  used  in  production  nodes  to  support  force  structure 
analysis* 

The  technique  selected  to  support  this  thee'e  was  a ooaiputer 
simalation  war  game  developed  on  an  experimental  basis  at  the  Research 
Analysis  Corporation*  The  war  game  uses  a basic  dynsnio  programming 
algorithm  to  represaat  defensive  combat  in  an  environment  where  the 
defender  is  permitted  to  select  oourses  of  aotion  from  an  admissable 
daoision  list  in  an  attempt  to  maximise  his  forward  Edge  of  the  Battle 
Area  (nOA)  position*  This  teohnlque  was  adapted  for  the  barrier 


ill 


problM  in  • proieijrp*  aodtl  called  the  Barrier  Sffaotiveaeei  Analyaia 
Reviaion  (BEAK). 

The  initial  oenatrootion  of  the  ESAX  nedel  was  eabseqasntly 
invalidated  hgr  the  discovery  of  a coding  error  in  the  ooaputer  prograa* 
The  oorreotioB  of  that  error  led  to  a major  revision  of  the  eodel*  The 
reeulte  presented  in  Chapter  IV  oannot,  therefore,  be  ooaeidered  valid* 
That  dieousHion  does  provide  key  insiihts  for  etruoturing  an  analysis 
using  this  aodel* 

The  appendix  to  this  thesis  inoludes  sanple  coding  and  output 
for  both  the  original  aodel  end  the  revised  version*  A discussion  of 
the  salient  differences  and  their  ‘npaot  is  also  inoluded*  Oensrally, 
the  barrier  option  appeare  less  attractive  when  ooaqpared  to  other 
firepower  options  than  Indioated  Iqr  the  original  results*  The 
oapability  of  the  sK>dellag  teohnique  to  represent  the  barrier  la  a 
freedoa  of  aetion  enviroaaent  is,  however,  saintaiaed* 

The  intent  of  thie  thesis  was  to  prove  the  feasibility  of  a 
technique  for  studying  the  barrier  problea*  The  oonolusien  that  the 
partioular  technique  reooasended  by  this  thesis  is  feasible,  does  not 
appear  to  be  invalidated  by  the  difficulties  encountered  in  struoturing 
the  model.  Recommendations  for  a second  generation  aodel  with  a aore 
flexible  representation  of  poseible  Red  strategies  and  a oonoentrated 
effort  to  develop  Blue  decisions  whioh  aoourately  reflect  the  iapaot 
of  the  slaulated  tiae  period  ooatinue  to  be  appropriate* 
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CHAPTER  I 


THE  PROBLDI 

In  U.S*  Amy  doctrine  a fUndanental  oonsideratlon  for 

dcfonalve  oporatione  la  dafanaa  in  depth*  "The  defender  aohlavaa 

depth  to  the  dafenee  by  proper  deploTnentt  maneuver  of  foroeai  uee 

of  blocking  poaltlonef  field  fortlfloationei  and  barrlerei  and  proper 

employment  of  flrea  and  reeervee*"^  Ihua  the  barrier  ie  one  of  the 

toole  used  by  the  taotloal  commander  to  aohleve  an  adequate  poeture 

for  defenae*  The  U.S*  Amy'a  oommltment  to  thin  dootrlne  in  Borope 

le  demonstrated  by  stoekpllee  oontainlng  several  hundred  thousand 

mines  and  tens  of  thousanda  of  tons  of  other  barrier  materials*  In 

addition,  U.S*  Army  Europe  plans  for  the  nee  of  a eignlfieant  portion 

of  the  deployed  foroa  to  eaeoute  extensive  barrier  plans  In  the  event 

2 

of  a Warsaw  Pact  attack  on  XATO  forces  in  Central  Europe* 

With  such  a slfftlfioant  resooroe  oommitment  to  barrier 
operations  It  would  appear  obvious  that  high  level  military  deoision 
makers  should  have  some  definite  Inaight  into  the  contribution  of 
barriers  to  force  effeotlvenese— a simple  answer  to  the  question, 

"How  much  barrier  is  enouf^?"  The  answer  to  that  question  beoones 
more  orltioal  ^en  oonsidering  the  future  proBjwots  of  Mutual  Balanoed 
Force  Reduction  or  U.S*  Amy  Europe  unilateral  force  withdrawals  for 
economic  reasons*  In  this  environment  total  force  reaouross  are 
further  constrained  forcing  the  deoision  maker  to  accept  trade-offs  of 
various  force  elesMnts  which  contribute  to  the  aooonplishment  of  the 
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fore*  aiMlon*  In  tb*  «r*«  of  b*rri*r  op*r*tloa*  th*  *t«ff  officer  or 
nllitary  analjrtt  oanaot  provide  Maaiacfttl  (Ut*  to  aid  th*  deoieion 
aalcor  in  effeotivelj  w*ighiac  th*  harrier  ooatrihution  a*  a basis  for 
oofflparison  with  other  ooabat  ooapoaeats* 

"Thsrs  exists  praetioally  no  open  literature  on  the  ainefield 
eaplaoeaent  problea,  what  a ainefield  aoooaplishesi  and  th*  cost 
effeotivenees  of  a ainefield  or  other  types  of  barrier  systems*"^  This 
stateaent  by  Kr*  Sidney  Sobelaan,  Scientific  Advisor  to  th*  Deputy 
Chief  of  Staff  for  Military  Operationst  deaonstrates  th*  void  faoed  by 
th*  analyst  or  staff  officer  tdiea  he  atteapts  to  support  any  fore* 
reeoaaindatien  tied  to  barrier  operations*  Th*  disoussion  of  obstacles 
often  centers  on  ainefielda*  Th*  ainefieldi  howeveri  is  only  on*  of  a 
possible  series  of  artifiolal  obatruotions  that  Inoludes  denolished 
bridges  or  oulvertSf  road  orators*  and  abatis*  In  0*S*  Axuy  dootrinoi 
"Nines  are  used  as  an  obstacle*  or  as  a supportisf  obstacle  in  a 
systea*"^  Thus  by  intent*  ainefield*  are  no  different  than  other 
obstaol*  types*  Tb*  ainefield  is  different*  however*  in  that  its 
coaponents  are  aotiv*  arinitions*  Th*  ainefield  can  directly  and 
independently  inflict  opsualties  on  an  opponent*  Sine*  th*  ainefield 
is  th*  only  obstruction  which  can  provide  a direct  casualty  producing 
effect*  the  intent  of  obstaol*  and  barrier  operations  aust  go  beyond 
that  influtaoe* 

"A  barrier  aooording  to  th*  definition  in  AR  31(^25*  is  'a 
coordinated  series  of  obstacles  desiffwd  or  eaploysd  to  oanalise* 
direct*  restriet*  delay  or  stop  th*  aoveaeat  of  an  opposing  force*  and 
to  iapoa*  additional  losses  in  personnel*  tine*  and  equipment  on  tb* 
opposing  force*'  In  th*  same  publication  an  obstaol*  is  defined  as 


'any  obstruotlm  that  atopsi  dalayi,  or  divorta  movofflant.'  Obataolaa 
ara,  and  barriara  may  ba,  oompoaanta  of  a dafanalve  poaltlon,  whioh  ie, 
broadly  apaakla^,  'any  araa  ooouplad  and  mora  or  laaa  orfanlaad  for 
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dafanaa."'*'  nia  dafinitlon  of  an  obataola  la  gaaaral  anou|^  to  inoluda 
both  natural  and  artlfioial  obatruotiona  to  aovamant.  It  la  logloal 
to  alto  artificial  obatruotiona  to  Inaura  that  maxlaum  advantaga  la 
aoeruad  from  tha  natural  obatruotiona  of  tarraln*  A orltloal  aapaot 
of  U«S.  Amy  dootrlna  for  anployinf  obataolaa  la  tha  raqulroMat  to 
cover  tha  obataola  by  flra.^  Without  covering  fire  tha  value  of  tha 
obataola  la  limited  baoauaa  modem  taohnologloal  davolopowata  auch  aa 
vehiola  launched  bridgaa  and  mint  plowa  will  pamlt  rapid  braaohlng* 

A dlaeuaaloo  of  tha  doctrinal  intent  of  obataolaa  laada  to 
defining  thraa  Amotlonal  inpaota  that  tha  obataola  will  have  on  tha 
oombat  prooaaa*  Pirf<t  tha  aiaafiald  will  dlraotly  infllot  oaaualtlaa* 
Tha  aacTtltuda  of  tboaa  oaaualtlaa  will  naturally  be  a funotlon  of  tha 
type  of  action  the  oppoalng  foroe  obooaea  to  either  breach  or  bypaaa 
the  minefield.  Second  the  combination  of  obatruotlng  the  opponant'a 
movement  and  uaing  covering  fires  ahould  tend  to  inoraaaa  the 
effeotiveneaa  of  those  covering  fires.  This  inoraaaa  la  logically 
derived  from  tha  target  being  axpoaad  to  the  defender  at  tha  obataola , 
and  tha  fact  that  tha  attaokar  oannot  oloaa  to  tha  defender  in  order 
to  gain  an  advantage  from  weapon  syatsKs  that  have  inoreaaad 
capability  aa  range  to  target  dtoreaaes.  For  the  aaka  of  ainnliolty 
this  particular  Impoot  of  the  obataola  will  ba  rafarrad  to  se  "target 
enhancement."  The  third  impaet  asy  ba  aimply  rafarrad  to  aa  "delay." 
The  obstruction  forces  the  attacker  to  use  more  time  to  move  from  one 
point  to  another.  This  daisy  is  a function  of  tha  attaokar  ohooaing 
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to  broaoh  th«  ebataol*  or  aovlng  to  an  altamata  routa*  In  wi— ary, 
the  thraa  obatacla  lapaota  are  dlraot  target  killst  target  enhancoaent 

7 

and  delay. 

The  barrier  bgr  definition  in  a coordinated  eeriee  of  obotaoles. 
Hm  barrier  ie  then  a aet  of  obetruotiona  aoooapliehing  the  purposee  of 
infliotiuf  oaeualtiosi  enhanoinc  targota»  and  delaying  the  opponent. 

The  tern  "ooordinated”  refleoto  the  planning  intent  of  the  defender 
and  there  ia  eeae  quaetion  aa  to  the  laportanoe  of  the  tern  when 
atteapting  to  gauge  the  iapaot  of  the  barrier  on  the  ocabat  prooete* 

In  ita  atudy,  iTltBiUMI  tf  Itfrttr  IffWUYIMIlf 

Riatorioal  Evaluation  and  Reaearoh  Orguisation  of  luna  Loringy 

Virginia,  Indioatea  that  "In  the  one  exaaple  in  whioh  a planned 

barrier  ajretea  did  not  eziat,  there  ia  evidenee  that  a aeriee  of 

obataolee,  not  aotually  related  in  any  oonoeptual  eenee,  tended  to 

0 

grow  into  barriera  ia  tame  of  effeote."  Thue  the  key  to  defining 
the  iapaot  of  the  barrier  on  the  ooabat  prooeee  would  appear  to  be 
the  effect  on  the  attaoker  rather  than  the  latent  of  the  defender.  Hie 
logloal  qnaatioa  at  thia  point  la  whether  the  three  effeeta  eatabliabed 
for  the  obataole  direotly  oarry  over  to  a dieooaaion  of  barriera.  la 
the  definition  of  a barrier  the  texaa  oaaaliae,  direot,  reatriot  and 
atop  are  uaed.  Step  ie  obriooaly  the  eztraae  value  of  delay*  The 
tame  oaaaliae,  direot,  and  reatriot  are  rather  tanuoua,  but  i^ppear  to 
iaply  at  a ainimn,  forcing  the  opponent  to  take  aone  action  he  ai^t 
otharwlae  not  oonaider.  Siaoe  ha  ia  altering  hia  action  delay  nay  be 
inplioit.  Additionally  it  la  oarealiatio  to  oonaider  aa  inpeaetrable 
barrier.  Any  feasible  barrier  ayaten  oaa  be  breaohed  given  the 
attaoker'a  willin^esa  to  spend  soffleintt  reeouroea  and  tine* 


Th*r«for«,  oaa«llsatloiit  dlrvotion  and  raitriotien  oaimot  b«  euarantMd 
Slao*  aoiM  additioiuil  pturaioAl  •otlon  ia  raquirad  to  ovtrooM  tho 
barrlar  althar  bgr  braaohlnf  or  altorod  rovtoi  dalajr  a^paara  to  1m  tha 
■oat  i^ropriata  ■aaaura  for  tha  iapaet  of  tha  harriar  with  raapaot  to 
tha  attaokar'a  aovaaMBt*  tha  ethar  portion  of  tha  daflaitioa  of  a 
barrlar  whloh  rafara  to  additional  loaaaa  la  paraonaal  and  atpilpnant 
oaa  ba  adaquatalj  aoooMttad  for  hy  tha  obataola  iapaota  of  lafllotlac 
oaaualtiaa  and  aahaaoiac  tha  tarpat*  It  traold  than  appaar  that 
although  Bona  diffioulty  axiata  in  daflaiaf  whan  a barrlar  axlatai  tha 
iapaet  of  tha  barrlar  on  tha  eonbat  prooaaa  la  attoh  tha  aaaa  aa  that 
of  tha  iadividnal  obataola  but  larpar  in  aoala* 

The  inadaquaojr  of  barrlar  aaaaaaaaat  ualnc  axlatlac  ataff^ 
oriantad  teola  waa  furthar  daaenatratad  la  a Saoaabar  1973  lattar  frea 
tha  Aaaiataat  Chief  of  Staff  for  Forea  Oavalopaaat  (dCSfOl)  to  tha 
Chlaf  of  Ebtinaara*^  Thla  lattar  adalttad  tha  fallura  of  tha  Ooneapt 
Deal^i  for  the  Arajr  la  tha  Flald  (OOVdF)  atodgr  la  rapraaantlac  barrlar 
affaotivaneaa  and  ra<|aaatad  aagr  poaalbla  aid  la  laprorla^  tha  OCKiiF 
methodoloor  In  thla  fUnotional  araa*  Tba  COUF  atudjr  la  kajr  to 
undaratandlag  the  partloolar  problea  of  how  anoh  barrier  la  anou|h« 

That  atady  providea  the  atata-of-th*-art  teola  for  aupportlnc  tha  hl|h 
level  daoiaion  aakar  la  foroa  daaiffi  aad  raaouroo  alleoatlon*  Tba 
atatad  purpoaa  of  tba  atudgr  waa  to  "davalop  a ooneaptual  daaiipi  for  tba 
Arnjr  la  the  flald  wbloh  will  prorlda  tha  bairt  Anqr  o^Mbllltlaa 
attaiaabla  withla  projaotad  lovala  of  raaeoroaa  available  darlac  tha 
mldfranea  period*  Tbrou|^  davalepaaat  of  a aathod  for  foraulatlac 
type  foroea  and  analpaaa  of  tba  ooata  and  dapabllltlaa  of  altamatlva 
■Izaa  of  orgaaiaationa  aad  attaiaabla  aatarlal  agrataaay  a prafarrad 


typ«  fero*  will  bf  dMlfitd  and  ralatad  (oali  and  priorltlaa 
idantifiad  to  guido  tha  foroa  davalopaant  and  oontiat  davalopaant 
prooaaaaa*^^  Tlia  Btudjr  Siraetlva  fttrthar  atatady  **CCHAr  ia  tha  Initial 
affort  ia  a ooatiattonu  raqairaaiaat  for  DSiOOC  (U«S*  Axw^  Coaibat 
DavalepaMata  Ceaaaad)  to  Biq>port  tha  amual  planaini:  aotivitiaa  of  the 
DA  ataff*"^^  C0VA7  waa  aubaaquaatlj  tranafarrad  to  tha  U«S»  Axmj 
Conoapta  Aaalyaia  Aganoy  (D3ACAA)  Mhan  USACBC  waa  diaaolvad  in  an 
Ax«y  raorgaaiaatioa*  An  iadioatad  hy  tha  atatad  pnrpoaay  COVAF  waa 
daai^ad  to  provida  a awthod  for  allooatlBf  roaooroaa  to  provida 
foroaa  with  tha  boat  poaaiblo  eapabilitiaa*  Aa  AOOOly  ia  aaaaaoa, 
adaittad  that  aathod  failad  whan  appropriata  daoiaieaa  wara  raqairad 
oonoaniac  tha  barriar  aiaaioa* 

A eritiqna  of  tha  barriar  pl^  ia  OOUT  providaa  tha  baaia  for 

preparly  dafiaiag  tha  preblaa  araaa  ia  aedaliag  barriara*  Kay  to  tha 

COVAF  atttdy  waa  tha  ayataa  ttaad  to  aaaaaa  tha  affaotivaaaaa  of  varioua 

foroa  aisaa*  "TIm  haart  of  tha  ayataa  ia  tha  COVAF  Evaluation  Nodal 

(cm),  a fblly  aatoaatad  ooabat  aianlatien  that  oaa  aiaulata  aontha  of 

thaatar  land  and  air  ooabat  aetiwity  ia  Jnat  houra  on  a ooaqpntar.  Hia 

CM  ia  oapabla  of  finer  diatlaotiona  long  foroa  unita  down  to  battalion 

aiaa  than  any  othar  eziatiag  nodal  of  ooaparabla  aoope  and  apead*  A 

aaiaaa  faatura  of  the  CM  is  the  aiaalatioa  and  antoaation  of  the 

oonaandar'a  daoiaion  prooeaeea  and  allooation  of  reaoaroea  at  all 
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levela  fton  diviaion  through  theater*  Thia  deaeription  of  C9I  haa 
bean  ganarally  uaed  to  jnatify  the  poaltion  that  COVAF  doea  provide  tha 
atate-of-tha-art  toola  for  foroe  aaalyaia*  The  outputa  from  the  modal 
are  fbnotiona  of  the  reaulta  of  brlgade-laval  engagananta*  **Tha 
aaaaaaaent  of  aaoh  brigad^level  engagaaant  reeulta  ia  at^ply 


•xp«nditur«,  Mjor  w«*pon  loaMi^  and  FS3A  (Forward  Sdft 

of  tha  Battla  Araa)  diaplaoaMnt«.**Oaaaaltiaat  aajor  waapon  loaaaa  and 
RBA  dlaplaoaaant  ara  haavily  dapaadaat  on  tha  aMoant  and  typa  of 
firapowar  fonaratad  hgr  tha  two  aldaa*"^^  OW  oaa  ba  faaarally  toriMd 
a firapowar  nodal.  To  provida  aona  aiffilfioant  influaaoa  on  tha  battla 
outooM  tha  Inpaot  of  a clvM  •Immi  of  tha  i)oabat  prooaaa  nuati  in 
ao«a  faahloBf  altar  ralativa  flrapowara. 

Two  othar  daaorlptiaa  tanaa  for  OBI  ara  dataxmiaiatio  and  naan 
axpaotatlon.  Tha  nodal  la  dataraiiniatlo  in  tha  aaaaa  that  outputa  ara 
oonataat  for  a (Ivan  aat  of  Inputa.  Thla  oonataaoy  la  a Amotion  of  tha 
faot  that  aaoh  tlna  tha  nodal  aaaaaaaa  a rarlabla  auoh  aa  oaaualtlaa 
It  aaaiffis  a aln^la  valua  idileh  would  ba  tha  anraraca  raault  that  oould 
ba  axpaotad  undar  tha  partleular  olrouaatanoaa  of  that  nonaat.  It  la 
thaaa  avara^a  aaeaaaaMnta  whloh  auppoirt  tha  tarn  naan  axpaotatlon. 
Altarln^f  tha  raaulta  Aron  tha  nodal  raqulraa  a ohaa^  la  naan  mthar 
than  lafluaaolng  tha  varlaaoa  of  a partioular  rarlabla. 

Tha  affaota  of  adding  a barrlar  la  tha  brifnd^laral  aagaganaat 
ara  "l)  modifloation  of  firapowar  with  tha  raaultaat  ohaagn  in  loaaaa 
and  2)  tha  laaaanad  advanoa  nada  by  tha  attaokar  aoroaa  tha  barriar."^^ 
Tha  barrlar  affaota  pravlottaly  aatabliahad  wara  dlraot  oaaualtlaa  and 
target  anhancanant  both  of  whloh  would  change  tha  attaokar  and  defender 
engEigenant  loaaaa;  and  delay  «dtloh  would  laaaan  advance.  It  would  than 
appear  that  COI  can,  In  faot,  adequately  aooount  for  the  barrier  Inpaot. 
Since  aubaaquant  output  proved  otharwlea,  it  la  naoeaaary  to  isolate 
ooma  of  the  detailed  aspaots  of  tha  CM  nathodolofir  In  order  to  define 
the  problana  Inherent  In  assaenlng  barrier  inpaot. 

For  aaoh  OOf  angaganant  a firapowar  array  la  construotad.  Tha 


array  la  oMplatad  by  raaalng  tha  firapowar  of  aheotara  available  to 
angaga  tha  three  target  typaa*  Rardi  aadlua,  and  aoft  ahootara 
directly  oorx^apcod  to  tanka,  light  amor,  and  paraonnal  (inoludea  all 
ground  moontad  waapona)  raapaotivaly*  Before  tha  raaulta  ftom  tha 
firepower  array  are  applied  to  an  engagaaiant  certain  modificationa  are 
required  to  provide  for  more  realistic  engagement  outcomes*  A sample 
modification  is  to  insure  that  a auffioiant  proportion  of  target  types 
exist  for  a gdvan  type  of  firepower*  Tha  kuy  modifioatica  influenoing 
barrier  portrayal  ia  tha  affaots  of  different  typaa  of  terrain* 

TABLK  1*1 

riBEPOWn  AHRAT 

Shooter 

Close  Air 

Hard  Wedium  Soft  Halioopter  Artillarr  _9uBi)Qrt  _ 

Tanks 

Tarnet  Light  Aner 

Parsoonel 

Four  typaa  of  terrain  are  portrayed  in  CM*  Each  type  is 
ooBBidared  to  have  a different  impact  on  the  nobility  of  ground 
foroea*  *^e  first  three  types  reflect  the  general  nature  of  the 
terrain*  They  arat 

Tjrpa  A - This  terrain  is  flat  to  gently  rolling  with  a 
niniahm  of  timber*  It  is  exoallant  tank 
oountry* 

Type  B-  This  terrain  is  marginal  for  tanks  and  wheeled 
vahioles  baoansa  of  topogn^hy,  soil  oooditiens, 
or  vegetation* 

Type  C - On  this  terrain  tanks  and  wheeled  vahioles  most 
rasmin  on  tha  roads  beoansa  of  steep  slopes 
and/or  danse  forastation  or  swamps* 

The  fourth  type  of  terrain,  Type  D,  is  intended  to  represent  bosm 


najor  obataol*  that  would  noxwally  raqulra  axtra  or  apaolal  offort  for 
tho  foroaa  to  nofotiato  or  paaa  throui^***^^  Iha  barrior  whloh  la  a 
ooordiaation  of  artifloial  obataolM  and  naturally  diffloult  tarMln 
la  rapraaantod  by  Tjrpo  S taxraln  in  OIM*  Aa  a olaaa  of  tarrala  tha 
barrior  is  an  input  to  tho  nodol  at  fizod  looatlooa* 

Tho  firopowor  array  valuoa  aro  modifiad  for  torrain  by 
nultiplylnc  by  a factor  "f"  Tho  waluo  of  "f"  aolaotod 

ia  a function  of  tho  torrain  typo  and  tho  oatofory  of  ahootor*  For 
tho  throo  nomal  torrain  typos  tho  valuo  of  "f**  for  hard  and  ■adiua 
ohootoro  dooroaaoa  aa  tho  torrain  booonoa  aoro  diffloult*  Thin 
doeroaoo  in  aupportod  logloally  by  tho  fact  that  nanouvor  difficulty 
would  ineroaso  and  lino  of  sight  for  those  longer  ranfo  woapena  would 
occur  loss  often*  For  soft  ahootors  tho  valuo  of  "f*  inoroasos  aa 
terrain  boocnos  noro  diffloult  ainoo  eround  foroos  would  toad  to  fain 
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advaatago  aa  nobility  and  dine  of  sight  dooroaao*  The  valuo  of  **f* 
la  tho  same  under  those  oirounstanoos  for  both  attacker  and  dofandor* 
**Tho  introduction  of  a barrior  would  appear  to  have  the  offset  of 
reducing  tho  attacker's  oapability  via-aHvla  tho  dofondor*  Thoroforo 
the  torrain  footora  for  tho  dofondor  on  Typo  S torrain  (natural 
barriers)  wore  taken  to  bo  average  torrain  (Category  B)***for  tho 
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attacker  the  torrain  factors  were  taken  to  bo  0*8  of  thoao  valuoa*" 

Tho  difficulty  in  nodifying  firepower  in  this  fashion  to 
represent  a barrior  is  tho  lack  of  Justification  for  tho  nodifior 
valuo  chosen*  It  is  a Jud^^ontal  guess  unsupported  by  any  analytic 
base,  but  chosen  baaed  on  tho  generally  aooeptod  notion  that  tbs 
defender  nust  gain  sono  advantage*  Logically  if  tho  dofondor  could 
improve  his  posture  ho  would  create  tho  noet  unfavorable  torrain  for 
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the  attaokex^l^rpe  D in  thie  case.  Sixie*  firepower  lo  modified,  an 
improved  posture  implloo  inflicting  greater  eamialtien*  If  maximising 
oaotutltlee  is  the  objective,  the  analjret  le  faced  with  two  key  iseuoo. 
Pint,  is  there  on  alternative  to  obstacle  and  barrier  cmplojrment  which 
will  pemlt  the  defender  to  inflict  greater  casualties  on  the  attacker 
at  less  cost?  If  no  alternative  exists  then  the  analyst  may  attempt 
to  establish  an  aooeptable  and  supportable  methodology  for  altering 
the  firepower  representation  in  CBI  to  refleot  the  gains  acorusd  by 
barrier  esiployment* 

The  delay  which  resiilte  fi'cm  a barrier  is  simply  represented 
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in  OEM  by  a 12  hour  delay  before  orossing  desl^iated  ^rpe  b terrain* 
This  delay  corresponds  to  one  division  period  in  the  model*  "Onoe 
each  period  an  estimate  of  the  situation  is  made  at  the  corresponding 
echelon,  leading  to  mission  seleetion,  allocation  of  fire  support,  and 
oonmitment  or  reoonstitution  of  reservos*"  ^ Thus  by  employing  the 
barrier  the  defender  gains  the  supporting  aetions  of  an  additional  12 
houn  before  mission  selection  and  subsequent  eraluatioo*  In  CQf 
that  12  hours  is  of  no  partioular  siv*l^oe»9**  WBA  displaoement  in 
a deteministie  fbnotion  of  firepower*  Delay  oould  influence  the 
outoome  only  if  "he  defender  was  able  to  odd  si^iifioant  firepower  and 
the  attacker  either  remained  unohonged  or  was  decremented*  The  model 
does  not  permit  that  ooourrenoe*  Ibis  phenomenon  oan  t«  demonstrated 
by  a simplified  example*  At  time  "T*  immediately  following  a conflict 
assessment  a Blue  force  with  oombat  power  "B"  and  a Red  force  with 
oombat  power  "R**  exist*  "R"  has  been  greater  than  "B"  so  the  ITSA  has 
been  steadily  moving  to  Red's  advantage*  The  olook  is  advaneed  12 
hours  to  petnit  the  next  assessswnt  at  T+12  hours*  During  that  period 
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Blue  addi  oonbat  power  "dB"  and  Red  adda  "dX."  If  Red  doea  not 
enoounter  the  harrier  the  FEBA  will  be  moved  to  looatlon  for  the 
next  aeseement.  If  Red  la  delajrad  the  next  enca«ement  will  ooour 
at  looatlon  whioh  would  be  at  a leaaer  diatanoe  tram  the  initial 
engacement.  Whether  the  engaceaent  oooura  at  or  "L^"  the  outoom# 
will  be  baaed  on  a oompariaon  of  BfdB  with  R-fdR*  Thua  the  model  ham 
added  delay  but  that  delay  la  not  al^iifioant  in  tezeia  of  the 
aubaequent  outoomei  exoept  that  the  battle  ia  fought  at  L2  Inatead  of 

Thla  brief  aurvey  of  aome  aapeota  of  current  doctrine  and  the 
diffloultlea  encountered  ia  the  COKAF  atudy  haa  highlightad  aeveral 
problem  areaa  in  aaaeaning  barrier  oontribution  to  force  perfonuaoe* 
Firat,  there  ia  the  problem  of  deteraining  when  a aet  of  obataalea  ia 
ooordiaatedf—the  defined  requirement  for  a barrier*  A batter  atatamaat 
of  the  problem  ia  how  many  obataolea  of  what  typo  muat  be  emplajrad  to 
yield  the  effect  of  a barrier?  The  aaawer  to  that  queation  would 
enable  the  planner  to  determine  what  reaouroea  are  required  to  perform 
the  function.  A review  of  the  COTAF  atudy  expoaea  aome  of  the  other 
problems  inherent  in  attempting  to  poatxilate  the  effect  of  the  barrier. 
One  problem  was  determining  the  increase  in  casualties  sustained  by 
the  attacker  when  the  defender  employs  a barrier.  The  attempt  in  COf 
to  alter  the  firepower  aoores  tdien  a barrier  was  present  is  a 
recognition  of  the  iiaportanoe  of  this  factor.  The  method  used  was 
judgaental  and  not  considered  partioularly  valid.  The  CSC  methodology 
did  not  attempt  to  assess  oasualties  direotly  caused  by  mlneS|  another 
key  problem.  Finallyi  CIX  attempted  to  represent  the  delay  imposed  by 
a barrier.  In  applloation  that  delay  did  not  ai^iifioantly  altar  the 
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outoonwn  in  the  aodtl  which  leads  to  the  problea  of  detexainlnj:  what 
impact  delay  should  have> 

Based  on  these  problem  areas  it  would  appear  that  an  analyst 
seeking  to  improve  the  capability  to  assess  barrier  effeotlveneso  in 
CQ(  or  any  other  force  planning  mothod  would  attempt  to  answer  three 
baelo  questions*  They  aret 

1)  When  does  a barrier  exist? 

2)  Hhat  relative  iaproveasat  to  inflict  easualties  aeorues 
to  the  defender? 

3)  What  value  aeorues  to  the  defender  froa  delaying  the 
attaoker? 

Initially  the  first  question  is  least  inportsnt*  As  previeualy 

indioated  the  answer  would  be  the  basis  for  detemining  the  resource 

cost  of  a barrier*  Obviously  the  seeond  two  questions  indicate  some 

question  on  the  value  of  the  barrier*  If  those  questions  cannot  be 

satisfaotorily  answered  there  is  no  partioular  need  for  ooaputing  the 

cost  for  sosMthing  lAose  value  is  not  known*  The  second  and  third 

questions  may  be  sonew»s.t  interrelated*  One  value  of  delay  nay  be  a 

relative  inprovensnt  in  the  capability  to  infliet  easualties*  On  the 

other  hand  the  attaoker  nay  ehoose  to  iipore  the  existence  of  a 

Blnefield*  There  would  than  be  no  delay  but  a logioal  expeotation  of 

higher  easualties*  Third,  it  is  inportant  to  reaenber  that  the 

attaoker  ean  ohoose  delay  at  any  point*  With  the  exoaption  of  U*S*  e:^ 

parienoe  in  Vietnan,  historioal  evidenoe  indioates  that  personnal 

20 

oasualtlds  freai  nines  have  been  proportionally  low*  As  an  example 
data  from  Worth  Africa  between  Novsaber  1942  end  Hay  1943  indioata  only 
two  peroent  of  U*S*  easualties  were  oansed  by  nines  despite  extensive 
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Otnuin  mplojMnt  of  alnod  obotooIOB.  "An  tzplaiiation  for  tho 

phtnoaonoB  of  low  ouualtioi  frco  aiaoo  la  not  roadiljr  apparont 

oapaoialljr  In  rlow  of  tha  raduotioa  of  aobilitjr  and  vahlonlar  daaaga 

from  ainaa  notad  la  atudlaa  of  tha  Tuaiaiaa  oaapal0i«*.*Tha  hjrpotbaala 

that  aaarfaa  ia  that  alaaa  ara  affaotiva  barriara  to  aoTaaaati  hut 

ralativaljr  loaa  affaotiva  aa  oaaualtp^roduolnf  acaata  aapaolalljr  undar 
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oondltlona  of  oonvantlonal  war«"  Slnoa  ainaa  ara  tha  only  artlflolal 
obatacla  lAloh  dlraotly  Infllota  oaaualtlaai  thla  hypothaala  baooaaa 
aven  aora  aaanlngful*  It  would  than  appaar  that  tha  third  quaatloir-* 
idiat  la  tha  valua  of  dalajr— would  ha  tha  aoat  alpilfleant*  Tha  anmar 
to  that  quaation  la  tha  ohjaotlve  of  thla  thaaia* 

Thla  thaala  will  ha  atrueturad  aa  a taat  of  tha  hypothaalat 
It  la  faaalhla  to  aatlnata  tha  valua  of  harrlar  dalay  at  an^ajanant 
lavala  approprlata  to  thaatar  aodallng  uatny  alnulatlon  aodallnf 
taohnlquaa.  Thla  taat  will  ha  aooonpllahad'hy  ravlawln^f  avallahla 
lltaratura,  aalaotln^  an  approprlata  flnuaawork  for  tha  nodalf  daal^ln^ 
and  taating  tha  nodali  and  raportlng  tha  raaulta*  It  la  Inportant  to 
note  tha  oonoantratlon  of  tha  atudy  on  tha  faaalhlllty  of  aatlaatlon 
rather  than  providing  a nathanatloal  value*  Thla  atudy  la 
unclaaalfled,  hence  all  data  Inputa  ara  either  xmolaaalflad  or  aatlaataa 
which  enable  a taat  of  the  nodal* 
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OHAPTER  I 
roOTOOTES 

of  tho  Ap«3r»  fW  61-100.  Tho  PlvlBlon. 

(loToabop  1968)»  P»  7-2« 

2 

Spoolflo  nwrarleal  roforonooa  aro  not  atippllad  baoauat  of 
■aouritj  olaaalfloatioo*  lafomatlon  la  basad  on  author's  axparlenoe 
working  with  USAREUR  Barrier  and  War  Plana*, 

^partmant  of  the  Armyt  Offioa  of  the  Deputy  Chief  of  Staff 
for  Operations,  Probabilities  of  Mine  yields  and  Cost  Effectiveness 
of  Barriers,  by  Mr.  Sidney  Sobelaan  (Washington,  D.C.,  Undated),  p.  1. 

^partmMt  of  the  Ai^,  FW  ^1.  Engineer  Troop  Orsanigations 
laA  Opersttons.  (July  1971),  p.  4-4* 

^Departasnt  of  the  Aruy,  U*S*  Axuy  Conoepts  Analysis  Afsnoy, 
amlojuent  of  Obstacles  in  Coebat  in  mirops  In  World  War  II.  (Contract 
No*  DAAQ  39*74-0-0033,  Hlstorioal  Evaluation  and  Reoearch  Organization 
(hero),  Ikum  Loring,  Virginia,  Maroh  1974)>  P>  4> 

^Departaent  of  the  Amy,  FW  2>3.  T^tios.  Teehaioues.  and 
CoDoeptB  of  AntlAmor  Warfare.  (August  1972),  p.  15. 

7 

The  three  indicated  functional  iepaots  of  the  barrier  and 
obstacle  are  oited  based  on  general  aooeptanoe  within  the  appropriate 
nllitary  oomnunlty*  They  were  presented  to  the  Chief  of  Qi^neers, 
U*S*  Amy  Conoepts  Analysis  Agency  (USACAA),  and  Mobility,  Equipment 
Researoh  and  Development  Center  (MERDC)  in  late  1973-early  1974  by  the 
author*  They  trere  aooepted  as  being  generally  descriptive  of  the 
barrier  and  obstacle  contribution  to  combat* 

^Bsuloment  of  Obetacles  in  Cceibat  In  Birone  in  World  War  II. 
HDiO,  op*  olt*,  p*  1* 

^Letter,  Assietant  Chief  of  Staff  fw  Force  Development  to 
Chief  of  fiigineers,  SUBJJDCTt  Barrier  Analysis,  7 December  1973* 

^^Dspartment  of  the  Amy,  Theater  Fores  PsTfamaaoe  In 
caur  U (Cmeertual  Peeien  f w Amr  in  the  Field)  ^cluee  I - 
Methodolojgr.  (teneral  Research  Corporation,  Wsstgate  Research  Park, 
NoLean,  Virginia  22101,  May  1973),  p*  1* 


^^ater  Force  Perfomanoe  in  CWAF  II*  op.  oit*,  frontispiece* 
^Wd*,  p*  24* 

^^Ibid* 

^^ibid.,  p*  11. 
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’^Ibtd.,  p.  165. 

p.  164. 
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This  fact  la  not  aupportad  in  tba  MthodoloQr  voluaw  on 
CONAf.  It  was  obtalnad  Iigr  tha  author  la  dlraot  oeataot  with  analjrsta 
at  USACAA. 

^^Thaatar  Foroa  ParfoiMuoa  In  CQiAr  II.  op.  olt.,  p.  1% 

PO 

Bata  praaaatad  to  studanta  aarollad  in  U.S.  AxwQr  Coaaaad  and 
Oanaral  Staff  Collaga  Couraa  3651*-^uia/Couataxalna  Varfara^in 
Decaabar  1974  la  olasslflad  laeturaa. 

21 

U.S.  krmj  Abardaan  Haaaaroh  and  Bavalopnant  Cantar,  Balllstlo 
Rasaaroh  Uboratorlaa,  Mina  and  Caitaralaa  Harf^  in  HaoaBt  HlatorW. 
I9ldp»1970.  hjr  Roaaal  H.  Stolfl  (Abardaan  Provlnc  Oroond»  NarjrlMdt 
April  1972)i  p.  48. 

^^Ibid.,  pp.  48-49. 


CHAPTBR  II 


THE  LITERATURE  SEARCH 

Tho  litcratur*  aaaroh  to  support  this  thssls  oonoentrated  on 
satisfying  two  objsotivsst  dsvslopinx  a qualitatlvs  asssssmont  of  the 
impact  of  the  barrier  on  the  ooabat  process | and,  revieMing  existing 
analytical  aasessaiants  of  obataole  Amotions  in  ooabat*  The  first 
objective  oould  be  viewed  aa  detemining  whether  or  not  a definition  of 
"delay**  oan  be  developed.  That  definition  is  iaportant  beoause  "delay" 
is  the  barrier  effeot  which  has  been  injected  into  current  force 
analyses*  The  neoond  objective  is  oritical  in  addressing  the 
relationship  between  delay  and  the  barrier  functions  of  inflicting 
casualties  and  enhancing  targets* 

The  logical  bases  for  beginning  an  investigation  of  the 
impact  of  the  barrier  on  oosibat  are  the  historioal  experiences  from 
World  War  II  to  the  present*  World  War  II  provided  the  first  wid^ 
soale  applioatlon  of  barriers  in  tox«s  of  the  types  of  hardware  and 
doctrine  that  are  faaillar  today*  If  enffioiont  experience  exists  to 
indloate  the  iaqp-nt,  then  eoam  foundation  for  defining  the  factors  of 
delay  should  exist*  Three  principal  souroes  have  been  used  in  this 
inveatigation*  In  1972  Dr*  Russel  Stolfi  of  the  Eaval  Postgraduate 
Sobool  provided  the  Ballistlos  Researeh  Laboratory  a repox>t  entitledi 
Ime  itofUrs  In  Bsewat  BistiisT*  1g1d-tg?0*  The  purpose 

of  the  report  was  to  provide  "a  pragaatio  approach  towards  the 
understanding  of  thin  probleai  [mixm  and  oountemine  oonbat 
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•ffcctivMiMi]  fron  a hlvtorloal  point  of  viow***^  Tbo  roport  oltoo 
gpooiflo  oMpaigao  and  battloo  as  a 1>aBio  for  dlsousalaf  tho  iaportaaoo 
of  ainoo  and  aiaomrfaro*  Tho  ooooad  priaoipal  oouroo  was  tho 
voluM  work,  Londsino  snd  Couatoniino  Warforo.  proparod  hgr  tbo 
&iSlBoor  Aconoj  for  Rooourooo  lnvoatoi7  (SiRl)  and  puhliohod  la  1972* 
"Tbooo  oi|ht  toxtxial  volosoa  and  oovon  appondiz  voIubmo  hrinK  togotbor 
a broad  ooopo  of  Infomatlon  oontainod  In  arohival  roforonoot  and 
toctanlcal  litoraturo*  Ihooo  ineludo  silitar^  hlotorios;  unit  rooords 
and  nonthly  action  roporto  of  infantry,  araor,  and  onginoor  units| 
fiold  aanuals,  and  oporational  plana*"^  This  XAXX  publioation  is  a 
v«ry  dotallod  oonpilation  of  data  without  aiipiifloant  analysio*  Only 
throo  volusos  will  bo  oitod  in  this  thosio*  Thoso  wolunos  provido  tho 
toztual  infomation  on  sino  warfaro  oporations  in  Korth  Africa,  Italy 
and  Xbroa*  Tho  1974  Hiotorioal  Swaluation  Rosoareh  Organisation  (HZSO) 
study  on  obotaclo  osiploTMnt  in  World  War  II  which  was  oitod  in 
Chapter  I is  the  third  prinoipal  souroe*  The  purpose  of  this  study  was 
to  provide  "data  to  pomit  tentative  dsvolopnont  of  quantitative  inputs 
for  ooBbat  sodels  with  respeot  to  efforts  to  oreate  or  iaprovo 
obetaolos  and  barriers* Tho  KEBO  study  oonoentratos  on  OXS09I00 
which  include  use  of  all  types  of  artifioial  obotaoles*  Four  oase 
studios  fboa  World  Wai-  II  were  used  as  the  inputs  for  the  studyi  the 
Battle  of  Kursk  (Russisi-1943)}  Wikopol  Bridgehead  (Ruaoiap*1944)t  H 
Giogo  Pass  (ltalj^1944),  snd  the  Battle  of  the  Bulge*  "With  only  four 
ease  studios,  this  exploration  oould  not  ponsibly  produce  dofinitivo 
values  for  any  of  tho  offoots  sought*"^  This  statoownt  indioates  that 
the  otudy  did  not  aohievo  its  stated  objective*  The  prlisary  cause  for 
this  failure  was  the  fact  that  hjrpotheoisod  quantitative  asaesasMnts 


trar*  usaful  only  In  th«  oontert  of  HXRO'a  uthaaatieal  roproaontaticm 
of  oombat  which  has  not  raoalved  wida  aeoaptanca  in  tha  analytic 
community.  That  fallura  doan  not|  howayari  diminiah  tha  qualitative 
valua  of  the  caaa  atudiaa  lAioh  ware  davalopod  from  excellent  primary 
eouroa  material. 

Unfortunately  tha  report  by  Sr.  Stolfl  and  tha  HERO  atudy  do 
noti  agr**  on  tha  principal  iapaot  of  the  barrier  on  tha  combat  prooeas 
Tha  HERO  atudy  oonoludaa  "it  ia  clear  that  tha  principal  military 
value  of  obataolaa  and  of  barrier  ajratama  ia  to  permit  Economy  of 
Forea  (and,  of  eouraa,  indlraotly  to  panait  maaa  elaawhara  aa  a reeult 
of  auoh  aoonomy)."^  In  oentraat,  Sr.  Stolfi  atataai  "Analyaia  of  tha 
uaa  of  ninoa  in  North  Africa  ahowa  that  tha  orueial  affaeta  of  ninee 
ware  to  raduoa  tha  mobility  of  tha  foroaa  afainat  which  they  were 
employed."^  Althoui^  this  atatamant  ia  raatriotad  to  actions  in 
North  Africa,  the  general  conoluaion  ia  impropriate  to  Sr.  Stolfi 's 
entire  aaaaaamant.  It  appaara  that  thaaa  two  aouroaa  praaent  two 
diatinot  contradictory  arguments  neither  one  addraaaing  delay.  The 
raquiramant  than  azistn  to  axamina  aaoh  argument  in  soma  detail. 

In  each  of  tha  four  oaaa  studies  tha  HERO  study  provides  soma 
oonvinoing  loglo  to  supiiort  tha  oaaa  for  aoonomy  of  force.  For 
azampla,  at  tha  Nikopol  Irldgahaad,  "The  obataolaa  and  field 
fortlfioationa  of  tha  335'th  Sivision  [Oerman]  permitted  tha  detachment 
of  at  least  ona>fourth  of  tha  division  to  rainforoa  hard-presaad  imits 
to  tha  n^rth,  idiila  still  retaining  a substantial  combat  power 
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superiority  over  tha  opposing  Soviet  units."  In  tha  Battle  of  tha 
Bulge,  "Tha  hasty  dafansaa,  blocks,  and  minafialds  installed  along 
tha  entire  front  of  the  4th  Sivision  CU.S.]  beginning  on  17  Ssoembar 
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faoilltatad  th«  ua«  of  Econony  of  Voroo  along  the  eouthern  foux^fifthe 
of  the  Dlvleion  eeotori  and  the  Baaeing  of  about  half  the  dlvieioB  la 
about  on^fifth  of  the'eeotort  oppoelte  the  only  aerloua  Oeraen 

fi 

threat  •**  la  both  exanplea  there  wae  no  latent  on  the  part  of  the 
defender  to  delay.  The  barrier  wae  deei|^ed  ae  an  aid  la  defeating 
the  attacker  and  wae  uaed  to  Inoreaae  the  ooabat  power  of  the  defender. 

In  all  of  theae  oaaea  certain  aepecte  of  delay  were  lapllelt.  It  wae 
neoeeeary  to  delay  Oeman  eleaenta  in  aone  eeotora  of  the  4th  DItIoIob 
to  enable  the  aaaaing  of  noat  of  the  divieion'a  ooabat  power  oppoalte 
the  primary  threat.  In  other  areaa  of  the  Bulge  road  blooka  and  blown 

9 

brldgea  ertenalvely  delayed  key  German  axeior  thruata.  In  faot  eoae 
engineer  reporta  can  be  uaed  aa  a basla  for  declaring  that  certain 
German  amor  eleaenta  ran  out  of  Axel  becauae  the  barrlera  exiated.^^ 

The  delay  implicit  in  theae  exanplee  would  not  have  been  el^ilfleant 
had  foroea  not  been  preparing  poaltlona  In  the  rear  or  novlng  to 
counterattack.  It  would  then  appear  that  the  key  factor  la  the 
capability  of  the  defender  to  allooate  hia  foroea  to  neat  a 
developing  aituatlon  at  the  oritioal  polnte.  To  aupport  that 
allocation  other  areae  muat  be  defended  by  reduced  elomenta  (eoonony 
of  foroe)  or  the  attacker  muet  be  eignifioantly  delayed. 

In  the  cited  exomplee  the  barrier  did  appear  to  Inoreaae  the 
combat  power  of  the  defender  end  ae  a reeult  the  attacker  waa  delayed. 

Thla  reault  appeara  to  be  the  outcome  regardleaa  of  the  intent  of  the 
defender.  At  the  Nikopol  Bridgehead  the  German  niaaion  waa  to  hold  / 

that  particular  terrain  ogainot  atqperior  Ruaalan  forcea  to  enable 
control  of  the  lower  Ibileper  river.  The  bridgehead  waa  abandoned 
becauae  of  a threat  of  envelopiaent  but  the  Sovleta  were  delayed  and 


C«r«wi  foroea  war*  atla  to  withdraw.  It  would  appaar  that  it  Ic 
ultlaataly  tha  fi*aadoffl  of  action  that  tha  barriar  bujra  whioh  is  kay  to 
tha  aignifio&noa  of  tha  barriar  In  tha  ooabat  prooaaB* 

How  than  doas  Dr.  Stolfi*a  viaw  that  tha  crucial  affaot  of  tha 

barriar  ia  tha  raduotion  of  attaokar'a  nobilitsT  contrast  with  the  HERO 

atudj?  In  tha  introduction  to  the  report  it  ie  stated  that  "tha 

affactlveness  of  fninac  as  barrlero  to  ground  novanent  will  ba 

oonsidarad  in  terms  of  their  impact  on  tha  mobility  of  tha  foroae 
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anoountariag  them."  This  statamant  indicates  a predilaotion  for 
this  spaciflo  factori  ind  it  would  ba  natural  to  find  tha  report 
axprassad  in  those  terms.  This  possible  bias  doas  not,  however, 
discount  tha  fact  that  Dr.  Stolfi  may  ba  corraot  in  his  assessment. 

One  of  tha  primary  examples  used  for  tha  report  is  tha  World 
War  II  ocnfliots  in  Worth  Africa  lAara  tha  use  of  mines  reached  such 
an  extant  that  barriar  oparaticne  became  one  of  tha  primary  concerns 
of  oommandsrs.^^  Principal  oonoantration  is  dlraotad  to  two  battles i 
0asalm-4fay  and  June  194^and  Saoond  H AlmBaln--Ootobar  and 
Wovambar  1942.  Of  Oasala  Stolfi  summarisast 

...  tha  Omsman  mobile  force  was  alsMot  immobilised  due 
to  lack  of  fbal  and  amsranitlon  after  tha  first  19  hours  of 
ocmbat.  ...  The  British,  in  affaot,  had  fixed  tha  Oarmans 
acainst  and  amcni:  tha  deep  minafialds  and  ware  in  a position 
for  several  days  to  reduce  the  Oaxman  bridyehaad.  Tha  British 
minafialds  had  reduced  Oarman  mobility  below  that  of  tha 
British  and  allowed  tha  Eighth  Amy  to  regain  tha  initiative 
temporarily.  ^ 

Although  in  trouble,  Rcmmal  did  finally  force  tha  Oasala  line  and 
subsequently  oi^turad  the  port  of  Tobruk.  It  has  been  argued  that  the 
British  were  ultimately  defeated  by  failing  to  mass  resouroes  to  react 
to  the  battle  as  it  developad.^^  Tha  barrier  preparations  for  the 


battl*  w«r«  afftotive,  but  tha  Britiah  failad  to  apply  tha  aoonoaqr 

of  forca  tha  barriar  oparatlona  ai^t  hava  pamittad.  SuMarialnc  tha 

barriar  lapaot  at  Saooad  Alaaaia  tha  raport  atataai 

Tha  Oarata  ainaa  aaar  Alaaain  alaoat  balaaoad  for  tha 
Ital<^Oaxiian  Paaaararaaa  tha  iaaaaaa  Britiah  aupariorlty  in 
tanka,  artillery,  and  aircraft.  Oaraan  ainaa  tumad  irtiat 
could  hava  baen  a awift  panatration  and  oollapaa  of  tha 
Italo-Caraan  poaitiona  into  a grindinf  12  day  battla  of 
attrition  which  Montgeaiary  caaw  atartlingly  cloaa  to  calling 
off.’ 

In  gaining  thia  oonoluaion  Stolfi  arguaa  that  Ronaal'a  aaiploynant 

of  half  a million  ainaa  raduoad  Britiah  nobility  to  tha  axtant  that 

tha  attrition  battla  waa  naoaaaary  ainoa  tha  tarrain  pravciatad  tha 

maaa  flanking  novaaant  pravalant  in  other  major  battlaa  in  Morth 
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Africa.  If  the  Oarman  diapoaltiona  for  tha  dafanaa  ara  azaainad  an 

argumant  can  ba  made  for  Ronnal  attempting  to  xua  tha  barriar  aa  an 

economy  of  force  measure.  Dr.  Stolfi  alludaa  to  this  in  dlaeuasing 

l8 

Rommel's  flair  for  arrangement  of  limited  flrapowar.  Ha  does  not, 

however,  set  the  barrier  in  the  concrete  terms  of  Economy  of  Force. 

The  Germans  ware  defeated  at  Alaaein.  Rommel  did  not  direct  the 

defense  in  the  first  two  daye  and  much  of  the  German  difficult  lea  were 
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attributed  to  lack  of  supplies. 

The  Stolfi  report  does  provide  evidence  that  barriers  hava  in 
fact  reduced  the  mobility  of  participants  to  tha  extant  of  signifi*' 
contly  influencing  the  conduct  of  combat.  In  oootrast  the  HERO  study 
provides  positive  evidenoe  to  support  the  case  for  eoonomy  of  force. 
There  is  a poesibility  of  a logical  link  batwaan  tha  two  arguments. 
Implicit  in  the  argument  for  economy  of  force  is  the  necessity  for  the 
bai7ior  to  increase  the  defender's  combat  power.  If  the  barriar  does 
increase  tha  combat  power  and  that  inoraasa  can  ba  related  to  reduced 
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mobility  then  m bridge  will  exiet  between  the  two  poeltione*  To  purouo 

this  particular  logio  it  le  ueeful  to  examine  the  hletorioal  evidenco 

in  teno  of  the  previously  defined  barrier  fbnctiona  of  direct 

oasualtlee  and  target  enhancement. 

The  hietorioal  munariee  provide  man^  apecifio  examplea  of  the 

target  enhancement  effect.  In  dioouaelng  the  June  1941  British 

offensive  in  North  Africa,  Operation  Battleaxei  Dr.  Stolfi  oomments: 

"At  aeveral  important  Junotures  in  the  aumner  battlei  the  powerful 

British  Infantry  tanka  ware  imatobilised  in  the  firoRtier  nlnefialda 

with  relatively  ninor  damage  and  then  *shot  to  pieces'  by  the  Oerman 
20 

Antlalroraft  guns."  Similar  experlanoee  ware  enoonntered  in 

Operation  Crusader  in  November  of  1941  where  one  unit  lost  35  ot  42 

21 

tanks  in  similar  oiroumatances.  In  U.S.  experienoe  in  Italy  in 

attacking  the  GUSTAV  line  in  Deoember  1943t  an  Armor  element  of 

16  tanks  lost  12  in  a single  day  at  one  looation  to  the  combined 

22 

effeots  of  mines  and  fire  support.  These  three  samples  certainly 
indicate  that  artlfloial  obstaoles  improve  the  defender's  capability 
to  employ  other  weapons  beoeuse  of  redooed  mobility.  This  point  is 
driven  home  by  an  example  of  a small  aotion  in  Tunisia  in  early  1943* 
Four  Oenan  tanks  stopped  at  the  wire  marking  a lummy  minefield  and 

all  four  were  destroyed.  "They  had  taken  the  wire  at  its  face  value 
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and  had  become  sitting  shots  for  antitank  guns  waiting  for  then." 

The  point  was  made  in  Chapter  I that  experience  generally 
indioated  personnel  oasualties  tron  nines  were  proportionally  low. 
nie  Stolfi  report  was  Ihrther  quoted  to  indicate  that  if  the  vehioular 
damage  was  oonsidered  for  the  same  period  one  would  not  have  expeoted 
the  minimal  personnel  oasnaltiea.  This  statement  would  indioate  that 
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direct  kills  of  vshiolso  by  alsht  b*  s ■l0ilflo«nt  factor*  Data 

aaaplas  froa  Okinawa,  Europe  and  Korea  indicate  that  free  25  to  40 

percent  of  U*S.  tank  loaees  reaolted  ft>oa  ainea  during  periods  tdien 

2d 

coabat  conditions  dictated  use  of  obataoles*  During  the  pursuit 
of  North  Korean  foroes  in  October  of  1950,  nines  aooounted  for 
70  percent  of  ON  tank  oasualtiea*^^  Obviously  the  aine  i^pears  to 
be  Buch  more  effective  in  terns  of  casualty  production  to  vehicles 
than  personnel*  This  phenonenon  is  one  oharaotsristio  idiioh  Sr*  Stolfl 
uset  to  support  the  oontention  of  reduced  nobility.  In  contrast, 
Liffiifioant  aaterlel  destruotion  also  supports  the  idea  that  nines 
iaitrove  coabat  power. 

The  historical  experience  that  has  been  disoussed  does  support 
the  argument  that  there  is  a relationship  between  reducing  the  enemy's 
mobility  with  obstaclcB  and  ecwomy  of  force.  That  relationship  is 
generally  confirmed  by  evidence  that  obstacle  eaployment  does  provide 
a positive  target  enhancement  and  oreate  si^ilfioant  vehioular 
casualties.  Despite  this  evidence,  economy  of  force  may  be  an 
inappropriate  term  to  describe  the  barrier  impact.  Economy  of  force 
implies  an  intent  for  reduced  ocmmltment  at  one  point  to  enable  mass 
at  another.  Kletorloal  experience  indicates  that  the  barrier  oan  be 
an  aid  in  achieving  these  conditions.  In  contrast  the  historical 
evidence  is  not  sufficient  to  indicate  that  the  barrier  guarantees 
economy  of  force.  The  barrier  may  exist,  reduce  the  attacker's 
mobility,  and  increase  the  defender's  combat  power  without  the 
defender  being  in  a position  to  apply  economy  of  force.  In  the  Oazala 
and  El  Alamein  examples  the  defenders  did  employ  effective  barrier 
systomn  and  lost.  In  the  first  case  it  was  established  that  the 
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British  did  not  attwapt  to  spply  soonony  of  foreo*  In  tbo  ssoond, 

Rommel  wno  oeverely  limited  by  lociotioal  nhorta^eo.  The  lot^cal 

definition  of  the  barrier  effect  to  thlo  point  would  then  bo  reduced 

attacker  mobility  and  increased  defender  combat  power. 

The  concept  of  delay  has  not  made  a aifTilfioant  impact  on  the 

diaeusaion  to  this  point.  The  reason  la  simple.  Mith  one  exoeptioni 

the  hiatorieal  examples  that  have  been  presented  in  detail  have  dealt 

with  defenders  idio  did  not  intend  to  delay.  The  ezoeption  was  a 

portion  of  the  obataolo  employment  in  the  Battle  of  the  Bulge.  In  that 

case  the  obetaoles  were  not  a portion  of  a planned  barrier,  but  ware 

executed  on  a deoentralized  basis*  Since  the  objective  of  the  search 

is  to  define  the  factors  of  delay  it  can  be  argued  at  this  point  that 

reduced  mobility  is  delay.  If  attaoker'a  mobility  is  reduced,  it  wil^ 

require  more  tine  to  move  a given  amount  of  oonbat  power;  hence  delay. 

Also  hlstorieal  ezperienoe  indioates  that  this  delay  promotes  higher 

attacker  casualties  so  the  increased  defender  oonbat  power  should  be 

considered  a factor  of  this  barrier  delay.  That  argument  cannot  be 

oonolusive  without  considering  soaw  of  the  other  demonstrated  impacts 

of  the  barrier  on  the  oonbat  process* 

One  key  aspect  to  be  oonsidered  is  the  effect  of  barrier 

operations  vbm  the  Intent  is  delay*  A factor  which  gave  impettis  to 

U*S*  concentration  on  minewarfare  early  in  1940  was  evidence  that 
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tilnes  gave  real  protection  to  tx*oope  in  retreat*"  Hint  protection 
would  appear  to  be  a function  of  being  able  to  break  contact  with  main 
force  units*  The  aftermath  of  the  II  Alanein  battle  provides  an 

excellent  example  of  suoh  an  action*  At  the  end  of  the  battle  in 

28 

three  plus  Oersum  divisions  Bonmsl  was  left  with  11  tanks* 


Once  the 
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Otrnan  forces  bogan  rotroat  all  raoudnlag  elMonta  were  wlthdraim 

virtually  intact.  There  la  oonaiderablo  argunent  as  to  trtisthsr  or  not 

Nontgosisry  oonduotsd  a pursnlt^a  (julto  logical  disooarss  oonaldariag 

It  was  a failuro.  In  tbs  pursuit  that  did  take  plaos  thirs  was 

considsrabls  difficulty  in  organising  and  noving  British  units  out  of 

the  Alaeisin  position  bsoaass  of  axtsnsivs  ainsfislds.  As  they  began 

to  Move,  elenents  of  two  divisions  were  ei^iifiosntly  delayed  by  duaiQr 

alnefields,  and  heavy  rains  further  restricted  vehicular  traffic. 

Montgooery's  apparent  excuse  for  the  failure  of  the  pursuit  was  the 
29 

rain.  ^ Whatever  the  historloal  verdlot  on  Nontgonery's  pursuit , 

two  factors  were  onioh  in  evidsnoe.  First  the  rain  had  equal  effect  on 

both  sides.  Second  the  slnsfields  worked  only  against  the  British 

after  the  Gentana  abandoned  the  Alameia  position.  For  the  reaalnder 

of  the  retreat  of  several  hundred  allies  to  El  A^ils  aining  was  so 

extensive  a British  aagineer  Ceapany  was  able  to  clear  only  12  niles 
«0 

of  road  per  day.  Oersan  elaawnts  were  never  deolsively  engaged  in 
that  withdrawal.  In  this  oironnstanoe  the  iapaet  of  delay  was  the 
ability  to  break  oontaot. 

I 

In  the  Italian  theater  a planned  delay  for  an  entire  oan;pal0i 
w^l8  desionetrated.  "In  the  overall  concept  of  nilitary  strategyi  the 
Germans  were  masters  in  defensive  tactics  of  delay  based  upon  wines 
and  demolitions  idiich  were  integrated  along  the  routes  of  withdrawal 
and  into  the  suoceseive  lines  and  points  of  defens»~Salsmo  Beachhead, 
Voltumo  River,  Barbara  Line,  Bernhard  Line  and  Gustav  Line."^^ 

Gen.  Keseelring's  purpose  in  the  defense  was  to  preclude  the  fall  of 
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Rome  as  l<mg  as  possible,  apparently  hoping  to  stalenate  the  war. 

It  took  the  Allies  approxiaatsly  nine  nonths  to  seise  Rons  after 
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landing  at  Salamo*  Thia  "dal^  iaeludad  kaaplac  tlx  alliad  dlviaiona 
bottlad  up  in  the  Anzlo  Beachhead  for  i^proxlaataly  five  aonths*  The 
Btalemate  did  not  reault;  however,  thara  la  a daflnlte  aenae  of  delay 
in  the  Oerman  actiona*  The  extenaiva  uae  of  barriaro  boosted  the 
oombat  power  of  the  Oermana  and  permitted  then  to  break  contact  in  order 
to  ooeupy  aubaaquent  positions*  In  a larger  aenaa  the  delay  bought 
■ora  extenaiva  praparationa  of  aubaaquent  poaltlona  because  more  time 
parmlttad  non  eonatruotloa* 

In  these  two  examplea  the  latent  of  delay  enabled  two  vary 
laportaat  ftmotloma  of  oombat  t 'raaklag  ooataot  and  preparing 
subsequent  poaltlona*  Thaae  are  the  oonplataly  dafanalve  oriented 
aapaot  of  barrier  operations*  The  wnft  study  eatabllahes  an  offensive 
corollary  for  delay*  In  thin  Inatanoe  instead  of  the  defender 
latendlug  to  break  oontaot,  he  plane  to  use  barriers  to  insure  that  the 
attacker  nalntalns  oontinual  oontaet*  The  z>esult  of  that  contact  is 
"exhauatlng  the  attmoker*a  oi^MOity  for  auatained  combat  before  ha  can 
reach  objectivea*"^^ 

nxe  HEBO  study  uses  the  Battle  of  Korak  to  demonstrate  this 
barrle?  fbnotlon*  *^e  Soviet  barrier  plan  at  Kurek  was  oonoeived  as 
part  of  the  major  defhase  to  be  offered  to  a Oerman  attempt  to  reduce 
the  large  salient  whloh  the  aussleiie  had  establiehed  around  Khrak  in 
their  winter  offensive  of  1942-43*  It  was  thought  that  a strong 
position,  with  great  depth,  would  wear  out  the  Germane,  destroy  their 
tanks  and  then  make  it  possible  for  Soviet  forces  to  introduce  Aresh 
troops  in  a general  offansive  and  to  infliot  a major  defeat  on  the 
■ala  Oerman  Foroee*"^  The  report  details  the  many  ftrustrations, 
delays,  and  altered  attack  plans  of  Oerman  elements  In  response  to  the 
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barriara  and  fortlflad  posltiona.  Tha  procraaaiva  raduotion  In  rata 
of  advanoa  for  Oarman  unlta  on  a daily  baaia  la  alao  datallad*  Tha 
battla  waa  ultimataly  iraa,  howavari  by  tha  dallvary  of  tha  naaaiva 
Ruaaian  oountarattaok. 

Logleally  oonaldarad,  the  poaalbla  '^faaring  down"  Influanea 
of  tha  barrlar  'in  aoma  dapth  oannot  ba  l^iorad.  Racardlaaa  of  how 
affloiant  unite. ara  aupportad,  they  are  not  ooaplataly  raoonatitutad 
in  contact;  hanoa,  thay  aaorifioe  aoma  of  thair  oonbat  potantial  in 
aach  anga^mant.  Maintaining  oonatant  contact  ia  an  intalligant  way 
to  naxlffliza  that  phanoaianont  Thara  ia  a oeneidarabla  aiailarity  of 
the  initial  barrier  infliMnoa  on  oparationa  in  tha  alc^t  dajra  of  Kurok 
and  tha  12  days  of  Alamain.  The  diffaranoa  in  outoooa  was  that  tha 
Soviets  could  deliver  the  oounterstroka<>— Rtwhaal  could  not. 

Thara  are  two  aspaota  of  tha  Inpaot  of  barriara  in  eoabat 
whioh  are  not  apeclfioally  addraaead  in  tha  available  hiatorioal 
analyses  but  should  ba  oonaldarad  as  algnifioant  in  this  disoussion. 
?iret,  tha  more  axtensiva  tha  barrier  tha  nora  resouroas  that  auat  ba 
dedioated  to  negating  the  affaot.  This  affaot  nay  oontinua  its 
influence  after  the  barrier  or  obstacle  has  bean  breached  and  ia  no 
longer  a direct  factor  in  the  combat  outcome.  For  example,  in  Italy, 

"as  the  fitting  continued  northward,  allied  mobility  continued  to  ba 
restricted  in  the  rear  zona  of  operations  due  to  uncleared  mlnafialds 
around  Salerno  and  Naples. Units  which  could  have  performed  other 
functions  or  bean  used  in  other  locations  ware  tied  down  by  requiranants 
for  desiring  the  extensive  obstacle  ayatams.  Obvioualy  this  affect 
can  be  a twcr>adgad  aword,  but  it  damonstratas  the  nsosssity  for  the 
attacker  to  plan  and  allooata  resouroas  to  ovarooma  tha  barrier.  It 
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also  hlghli^ts  tho  faot  that  ooabat  Mrvlos  support  oporstions  maor 
provs  more  difficult  tdien  the  ohstaoles  oontinue  to  have  an  influence 
in  the  attacker's  rear. 

The  second  laportant  aspect  is  the  fact  that  the  barrier  delay 
provides  a positive  intelligence  enhancement.  As  the  attacker's 
mobility  is  restricted,  tho  defender  can  bettor  identify  the  location 
and  siee  of  attaoking  elements.  Delay  is  an  enhancesMnt  in  the  sense 
that  the  defendsr  has  aore  time  to  react  to  a particular  threat. 

Although  the  oxistenoe  of  this  aspect  of  barrier  influetios  oannot  be 
apeoifioally  supported  ftom  the  historioal  analyses,  it  is  certainly 
implied  by  the  suooessful  applioations  of  eoonoaiy  of  force  which  were 
previously  diseussed. 

The  historioal  summaries  have  provided  sufficient  evidence  of 
several  factors  which  can  be  Identified  as  impacts  of  the  use  of 
obstacles  and  barriers  in  oombat.  Svidenoe  exists  to  support  the 
contention  that  expeoted  armored  vohiele  kills  by  minefields  are 
siffiifioaat  and  that  obstaoles  do  tend  to  provide  a target  enhancement 
effect  for  the  defender.  On  a larger  scale  evidence  exists  to  support 
barrier  influences  of  eooeemy  of  force,  and  permitting  the  defender 
to  suooessfUlly  break  or  maintain  contact  and  prepare  subsequent 
positions.  In  addition  extensive  obstaoles  tend  to  oonstriot  the 
attacker's  combat  service  support  capability  and  permit  the  defender 
to  gala  intelligcnoe  la  an  environment  where  his  capability  to  react 
to  that  intelligcnoe  may  be  inoreaaed.  It  appears  obvious  that  an 
attempt  to  inolude  all  of  these  factors  under  an  umbrella  oallod 
"delay"  may  prove  froitlesa.  Before  such  an  attempt  is  exhausted, 
however,  it  is  logical  to  review  any  additional  analytical  woxk  idiioh 
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Mjr  Inpact  oo  the  rviults  of  tht  hiatorioftl  aBalysM* 

Th«  hlatorioal  aaaaaaaaa'ta  of  tha  influanoa  of  obataolaa  and 
barrlara  on  oonbat  hava  not  boon  aupported  to  any  alffilfioant  axtant 
by  othar  analjrtio  work.  Tha  ona  Mjor  axoaption  haa  baan  attaapta  to 
daaorlba  tha  oapabllitj'  of  ainaflalda  to  oauaa  araorad  vahlola 
oaoualtlaa.  That  work  ia  obvloualy  of  aoaa  iaportanoa,  aiaoa  tha 
hlatorioal  aaaaaaaanta  hava  Indloatad  that  alfpilfloant  vahioular  loaaaa 
oan  ba  attrlbutad  to  ainaflalda. 

Pour  prinoipal  aouroaa  provlda  tha  baaia  for  dlaoiisaion  of 
antlaraor  ainaflalda  la  thin  thaala.  In  1972  tha  Xaaaaroh  Aaalyaia 
Corporation  publlahad  a atudy  antltladt  Qparational  8ffaotivanaaa  of 
Soattarabla  Land  Mlnaa  whloh  waa  parforaad  uadar  ooatraet  to  tha 
Advanoad  Raaaaroh  Projaota  Acanoy  (AXPa).  This  at\idy  waa  parforaad  to 
aaalyaa  tha  aany  faotora  laportant  to  daf Inlay  tha  ooat,  aaplojneent 
nathodoi  and  coabat  lapaot  of  aoattarabla  alaaa.  Ona  of  tha  faotora 
inoludad  waa  the  capability  of  the  alnafiald  to  inflict  diract  araor 
losaea.  The  aaoond  aouroa  ia  tha  Mobility  Squipaaat  Reataroh  and 
Development  Canter  (MEKDC)  atudy i Antitank  Mffaotivanaaa  of  tha  U.S. 
ArwT  Standard  Minafiald  Pattern.  Thia  atudy  ooaoaatratad  on  pradioting 
tank  and  araored  paraonnel  oarriar  loaaaa  aeli'^  tha  N-15  aina  and 
Dtandard  U.S.  Aray  alnafiald  dootrina.  Veirta  ware  parforaad  uaing 
both  a miniature  phyaioal  anvlronnantal  alaulation  and  field  taata 
using  axiating  hardware.  The  final  two  aouroaa  aotiially  provlda  tha 
same  data.  FW  20-22.  Landaina  Warfare  iaoludaa  oaaualty  prediction 
curves  for  mechanizad  vehicles  which  have  been  adopted  by  the  U.S.  Army 
Ikiginaar  School  in  its  Mina-Countaraina  Oparationa  Manuscript  of 
January  1973* 
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Batft  drawn  froa  thaaa  souroaa  ara  pertrajad  in  Pigura 
Tha  vartloal  axla  la  lalwlad  'HSffautivaaaaB''  which  ia  dafinad  ae  tha 
probability  that  a vahiola  will  anoountar  a aina*  Tha  horizontal  ozie 
rapraaanta  nine  danaity.  *^n8ity  ia  dafinad  as  tha  avara^  numbar  of 

17 

ainaa  of  a apaoifio  typa  par  matar  of  ainafiald  fyont."  Tha  ooneept 

of  dmaity  ia  kay  to  tha  analysis  of  ainafiald  sffaots  baoauaa  it 

psmita  azaaination  with  raapact  to  only  ona  difflanaionr— tha  ftontaga 

of  thA  minofiald*  ThuS|  a ainafiald  of  100  aatara  frontage  which  ia 

40  aatara  daap  with  a danaity  of  ona  aina  par  matar  is  equivalant  for 

analytio  purpoaaa  to  a ainafiald  of  100  aatara  ft>cntsfa  by  20  aatara 

daap  with  tha  sama  danaity*  Tha  danaity  aaaaura  has  apparently  baan 

usad  for  aeaa  tins*  Its  applicability  ia  ganarally  aubstantiatad  by 

tha  NERSC  taats  tdiioh  oonolodad  that  Ainafiald  pattam  has  no 

\8 

notioaabla  affaot  on  antitank  affaotieanass*" 

The  obvious  question  is  why  do  tha  thraa  pradiotion  ourvaa  in 
tha  figura  diffar?  Answaringr  'that  qnaatioo  is  oomplioatad  by  tha  faet 

IQ 

that  the  data  presantad  in  PH  20-32  is  not  aubstantiatad*''''  Suffioient 
avidanca  azista,  howavari  to  permit  the  disoussion  of  a general  theory 
for  this  aathod  of  repraaanting  ninafiald  perfomanoe*  The 

)cd 

effeotivanaas  ourvea  oan  'be  'basioally  fit  to  the  form  liBl*>e  where 
X ■ affaot ivenaas 
d - density 
k - fit  paraiaatar 

Tha  value  of  "k"  is  a flmotion  of  tha  area  of  tha  tank  whioh  will 
oausa  detonation  of  tha  mine*  Zf  the  mine  is  fused  for  presaure 
aotivation  then  oootaot  with  ona  of  tha  traoks  ia  required  for 
detonation*  In  oontraatf  a tilt  rod  fUsinc  will  have  a muoh  greater 


(Probabllitj  of  fiioovDiorlBc  a Nlao) 
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nousx  2.1 

NZlIDfXELO  FBDOnUlfCI 


- lUfSITT 

(Ninos  For  Motor  of  rrent) 
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poitlbll'itjr  of  aotivatioa  alnoo  tho  oatiro  frontal^  of  tho  tank  la,  in 
effaot,  a targat  araa.  In  iha  lattar  oaaa  1c"  would  ba  graatar  and 
the  afftotlYanaBB  eunra  would  ba  puahad  to  tha  laft*  Raallatioally  a 
family  of  ounraa  axiata,  aaoh  a funotion  of  tha  tsrpa  targat,  niaa,  and 
fuaing  ayatan.  Tha  taat  and  ainulatioa  raaulta  ara  availabla  to 
aupport  tha  MERK  pradlotor  ao  ita  uaa  aa  a baaa  oaaa  can  ba  aupported 
with  aona  dagraa  of  oonfldaaoa* 

To  uaa  thin  data  without  oorraotion  two  anatuaptlona  lauat  ba 
mada*  Pint  100)(  raliabllity  of  mlna  datonation  muat  ba  aaauBMd*  If 
tha  ninaa  do  not  fulfill  that  raquiramant  aoma  raduotlon  in  danaity 
ahould  ba  oonputad*  Saoond  it  muat  ba  aaaumad  that  tha  datonation 
guarantaaa  an  appropriata  laval  of  daaaga*  Sinoa  aona  adnaa  only 
diaabla  tha  movaaiant  o^bility  of  a taak»  that  vahiola  oan  oontinua 
to  parfon  tha  fbnotlon  of  dalivaring  flra*  Tha  dafinition  of 
affaotlvanaaai  tharafora«  muat  ba  matohad  with  tha  affaot  that  la 
daairad* 

Evan  if  thoaa  two  asamaptions  ara  aeoaptad,  thara  ara  two 
othar  major  faotoro  idiioh  will  Influwoa  tha  oaaualty  produoiag  - 
oapabillty  of  tha  minafiald*  Thoaa  two  faotora  ara  tha  attaekar 
ohoioa  of  a taotioal  foiMtioB  to  oroM  tha  minafiald  and  tha 
oountarmina  taohniqua  adployad  to  nautraliia  tha  fiald*  In  oonaidaring 
tha  impact  of  tha  taotioal  formatiout  tha  XSBIIC  taat  prowidaa  a 
oonoluaion  whioh  aomawhat  siaq»lifiaa  tha  poasibla  approach*^  Tha 
taat  Indioatad  that  if  tanka  ara  in  oolwB  in  a minafiald  of 
affaotlTonaaa  "P^"  and  tha  firat  tank  datonataa  a ninat  tha  affaotivw* 
naaa  of  tha  fiald  ia  not  raduoad  for  tha  aaoond  tank*  Thia  axampla  oan 
ba  oarriad  ou%  to  1i"  tanka*  Tha  probability  of  tha  firat  tank 
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•noounttriag  a aina  ia  P|,|  tha  protebllity  of  tba  aaoond  tank 
anoouatariag  a alaa  ia  flTan  that  tha  first  tank  anoouatarad  a aiaa 
(P|)t  aad  tha  probability  for  tba  a^^  taak  ia  P^  givaa  that  a-1  taaka 


had  anoooatarad  aiaaa  (Pj^°^^)«  Tha  azpaotad  auabar  of  taak  oaaualtiaa 
A 1 

ia  thaa  tha  auai  Tha  othar  artraaa  for  taotieal  fonaation 

would  ba  all  taaka  in  a row  or  siaplj  aaoh  taak  aatariag  tha  fiald 
iadapaadaatly.  In  this  oasa  tha  dastruotion  of  tha  taaka  would  bo 
distributad  biaoaiialljr  with  tha  azpaotad  auabar  of  taak  oaaualtius 
to  ba  nPjg.  A foraatioa  could  ba  aona  ooabinatioa  of  tha  two  axtraaaa 
and  tha  azpaotad  auabar  of  tank  oasualtias  oould  ba  oaloulatad  by 


■C 


* T P 
i-ri*^E 


wbaroi  > auabar  of  tanks  in  a row  (ooluaaa) 

L ■ auabar  of  rows 

Pj,  - probability  of  an  aaoouatar 

Although  this  logic  aay  ba  xwaful  in  ooaputing  aiaafiald  affaotSt  it 
has  naglectad  tha  sijpiifioaat  iapaot  of  oouatamina  aotiona*  The 
diffioulty  which  surfaoos  in  attoapting  to  atruutura  aa  analysis  which 
includes  countermine  actions  is  tha  possible  range  of  aathoda  that  aay 
ba  chosen  to  neutralize  tha  affect  of  tha  aiaafiald*  The  bast 
reprasantation  found  in  this  rasaaroh  effort  was  tha  oountarmina 
adaptation  used  in  tha  Division  Wargaas  (DIVWAO)  analysis  triiioh 
supported  the  fourth  phase  of  tha  PSaily  of  Seattarabla  Ninas  (FASCAN) 
study  conducted  by  tha  War  Oaaas  Division  of  tha  Ooabiaad  Arms  Combat 
Devalopnent  Agaaey  (CACOA).^^  Tha  disoussioa  of  this  taohaiqua  will 
be  general  because  of  tha  olassifioatioa  level  of  tha  report.  The 
technique  used  to  detamina  oouatamina  actions  is  based  on  the  logic 
that  the  attaokar  chooses  a oouatamina  method  based  on  tha 
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•ff«otlv«n*M  laval  of  tha  oovaring  flra  iapoaad  bjr  dafandar.  Various 
levela  of  affaotivaneaa  for  both  diraot  and  indiract  fires  oan  be 
oonaidarad.  For  aaoh  larali  oosibininf  both  diraot  and  indiraot  fira, 
tha  logloal  oorraeponding  braaeh  activity  is  ehoaan.  For  axample,  if 
tha  diraot  fira  is  oonaidarad  "devastating"  oombinad  with  affective 
indiraot  fira  tha  attaokar  would  ohooaa  to  bgrpaaa  tha  ninafiald*  In 
contrast,  if  tha  diraot  fira  is  mly  moderately  affaotiva  and  indiraot 
fira  is  inaffaotiva,  than  tha  attaokar  logioally  ohooaas  to  breach  with 
nine  plowa  mountad  on  armored  vahiolas*  These  examples  are  not 
naeassarily  tha  raalistio  azpaotations  for  tha  given  oiroumatanoaa,  but 
ware  ohosan  to  demonstrate  tha  taohniqua  anplcyad*  n>e  major  difficulty 
with  this  method  is  determining  tha  conditions  which  will  yield  tha 
threshold  values  for  tha  various  levels  of  fira  affaotivanass* 

Obviously  this  taohniqua  for  oonsidsring  oeuBtamina 
sigalfioanoa  is  not  imbadiatoly  oompatibla  with  the  taohniqua  for 
pradioting  mine  oasualtias*  A sia^lifiad  alternative  is  to  assuaa 
various  proportional  levels  of  attaokar  nsutralisation  oapability. 

For  azampla,  assume  the  attaokar  has  a 60  paroant  oountarmina 
oapability*  Tha  impact  of  auoh  an  assmaption  is  to  raduoa  proportion- 
ally tha  axpaotad  casualty  prodnetion  of  the  mlnafiald*  In  tha 
oaloulation  sense  10  would  now  bo  equal  to  idiara  C is  equal 

to  tha  assumed  *6  oountarmina  o^^bility*  A range  of  values  for  C 
from  0 to  1 would  prodttoa  a family  of  ourvss  for  aaoh  assumed  taotioal 
fomation  and  probability  of  anoountar* 

In  disoussing  tha  impaot  of  obstaolas,  particularly  minafialda, 
it  is  impossible  to  asoapa  tha  universally  aooaptad,  previously 
discussed  notion  that  the  obataola  has  no  value  without  covering  fira* 
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Obvioualjr  without  oovoria^  fir*  th*  attaokar  oan  alwagr*  ohooi*  th* 
valu*  of  C to  b*  1 and  th*  *xp*ot*d  oaaualti**  fToa  a ninafiald  ar* 
than  0»  Tb*  aip*ot*  of  oovarinf  fir*  inolud*  not  only  th*  dasir*  to 
naxiaic*  th*  diraot  oaaualty  producing  affaot  of  a ainafialdy  hut 
also  to  mazinise  th*  targat  anhanoanant  valu*  gainad  fTon  th*  ohstaola* 
The  availabl*  raiaareh  naoaaaary  to  defin*  th*  dynanioa  of  th*  ohstaola 
influanoa  in  tha  targat  angagaoMnt  prooaas  ia  srtraaMly  linitad*  Only 
raoantly  haa  wozk  bagun  at  lOBDDO  and  th*  Aiginaar  Studiaa  Group  (BO) 
[fonMrly  tha  Ihginaar  Strataglo  Studiss  Group  (BSG)]*  Washlngtoni 
lAioh  ia  apaoifioally  aiasd  at  dstaiuinlng  th*  pradietad 
inoraaa*  in  dafandar  weapon  affaotlvanaas  lAan  tb*  obstaol*  is  added 
to  th*  ooaibat  prooaas*  Oonplata  raanlts  of  thas*  analyaas  ar*  not  yat 
available;  howavari  tha  author  of  this  thaaia  initiated  a study  at  ESG 
in  January  1974  iriiieh  addrassad  this  particular  probXaa*  That  study 
was  based  on  th*  dasipi  of  a ta  x n"  oooqputariaad  war  gaa*|  th* 
Portifioation  Obataol*  Effaots  Sinulator  (FOES)*  An  interla  report  was 
praparad  in  June  1974  and  tha  rasults  praaantad  ia  that  report  will  b* 
tha  basis  for  diaoussion  of  th*  dpnanios  of  obataol*  targat  anhanoanant 
in  this  thaaia* 

**The  POES  davalopnent  oonoantratad  on  ainplifiad  raprasaatations 
of  important  aspects  of  the  oonbat  prooaas  irtiil*  attempting  to  aaintain 
sufficient  variability  in  tb*  prooaas  to  pamit  an  adaquat*  study  of 
obstaol*  and  fortifioation  affoota**^^  Thra*  prinary  events  war* 
chosen  to  represent  th*  oonbat  prooass  at  th*  lowest  levalt  aovanenty 
deteotioUi  and  firing*  The  novanant  event  was  raprasentad  by  assipiing 
the  attacker  a random  spaad  within  aaob  simulation  oyola*  Sataotion 
for  th*  dafandar  was  based  am  th*  publidiad  rasults  of  field 
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«cp«rlMnti  oonduotad  in  lurop*  and  at  Ft*  Ord*^^  Th«  tpaolfio  intant 
of  thoao  axporiaaati  was  to  dsfias  tha  djmsaios  of  rsprstsntlnir  terrain 
and  rssttltia^  llBs-of-aicht  dependonoiss  to  provide  a basis  for 
st\4jlBC  aatlaxaor  ws^>on  sffsotivsMaa.  Two  ksjr  phoaeawna  were 
indieated  bgr  tbsss  sxpsrlsMats*  First*  dstsotion  appears  to  be  a 
fimotion  of  ranee*  Tbs  oloaer  the  tarest  aovea  to  the  defender  the 
Bore  likelx  a dsteotion  bgr  the  defender*  Onoe  deteotsd*  however*  the 
Isnirth  of  tine  that  the  target  is  exposed  appears  to  be  independent  of 
rsBfO*  Thus  the  visible  'Madows*  in  terrain  tAioh  favor  the  defender 
i9pear  to  be  rsndoalF  distributed*  The  attaoker  dstsotion  event  was 
based  on  Infomatien  provided  in  MO*n  »«^*e**vaneBe  of 

jSilljyjUlJQBII  ■tudgr*  The  origiaMd  oonospt  was  developed  fron 
field  experiaents  eondnoted  at  Otmp  Stewart*  Oeorgia*  in  1935*^  The 
sifiifioant  observation  provided  bgr  that  atudgr  was  that  the  attaoker 's 
oa«>abilitx  to  dsteot  the  defender  is  solelgr  a function  of  the  number  of 
rounds  fired  bgr  the  defender  independent  of  range  and  the  tine  between 
firings*  Sia^lp  stated  this  phenoaiencn  is  dstsotion  bgr  weapon 
wigu!tur».  Tbs  final  event  of  the  oenbat  prooess  in  FOB  was  the 
firinc  event*^^  Hangs  dependent  distributions  of  kill  probabilities 
wore  used  to  represent  this  event*  In  the  oase  of  newer  anti-<taak 
weapons  these  distributions  were  sanitised  in  order  to  aaintain  the 
\molassified  oharaoter  of  the  studgr*  Tbe  obstaole  was  represented  in 
this  prooess  bgr  two  distinot  alterations  in  aotivitgr*  When  the  obstaole 
was  reaohed  the  attaoker  aovesent  texninated  for  a speoifio  period  of 
tiae  (delagr)*  The  defender  then  gained  a liaited  inorease  in 
prt)babilitF  of  kill  whioh  oMTSsponded  to  firing  at  a stationargr 
target*  Defender  was  assi^Md  the  stationargr  target  kill  probability 
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for  «v«ry  other  round  fired  in  the  delagr  period  to  aooount  for  poeeible 
atteoker  movenent  to  hjrpaai  the  obstaelo* 

Figure  2-2  deaonetratas  a iMple  remit  for  the  PCPaeudo)-])!^.^^ 
and  P-T5$  tank.^^  The  Manure  of  effeotiToneaa  (NOE)  represented  Ity  the 
vertioal  axis  is  an  ecptal  mlght^ii^  of  the  proportion  of  kills  and 
survivals  for  the  antitank  tceapon.  The  proportion  of  kills  is  the 
number  of  killa  divided  bF  the  total  number  of  attackers  that  oould 
have  been  killed  in  the  number  of  oonfliots  siaulatedt  The  survival 
proportion  was  one  minus  the  number  of  attaoker  kills  of  the  defender 
divided  by  the  number  that  oould  have  been  killed  in  the  total 
conflicts  simulated*  Defender  survival  in  this  case  is  not  equal  to 
the  defender  kill  proportion  sinoe  a draw  was  a feasible  outcome  for 
a given  simulation  oyole*  Anytime  this  defined  NOB  has  a value 
greater  than  *5  the  defender  possesses  a kill  ezohange  ratio  that  is 
greater  than  the  opponent's  mass  ratio*  For  ezampley  in  Figure  ^2* 
the  base  run  for  one  I^Dragon  versus  two  P-T55  tanks  has  an  NOE  value 
of  about  *6$.  Since  this  NOS  value  is  greater  than  more  than  two 
IM'SS  tanks  are  being  killed  for  each  I^Dragon  which  ia  lost*  The 
logical  extrapolation  ie  that  in  a battle  to  annihilation  wder  these 
ciroumstanoes  the  supply  of  P-T^$  tanks  would  be  exhausted  before  the 
supply  of  I^Dragons*  If  the  NOE  were  exactly  equal  to  *5*  the  opponents 
would  theoretically  exhaust  each  other  simultaneously— a true  draw* 

Figure  ^2  provides  a sample  of  the  impaot  of  the  obetaole  in 
terms  of  increasing  weapon  effectiveness*  In  this  partioular  oase  the 
impaot  is  dramatio  in  that  by  using  the  obstacle  the  I^Dragon  can 
maintain  a NOE  level  of  *5  even  when  opposed  by  five  P-T^^  tanks* 
Unfortunately  there  is  a considerable  varianoe  ia  the  impaot  of  the 
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obotael*  for  antitank  wtapona  of  dlffarant  oharaotarlatioa*  Only  four 
AT  waapona  wara  portra^d  initially  in  KtSt  AT  Ouni  ^106m  RR, 

I^Oragon,  and  F-TOW.  Tha  firat  two  waapona  poaaaaa  ranfa  dapaadant 
kill  probability  diatributionai  ao  th«y  ara  aanaitiva  to  tha  raafo 
fVon  tha  waapen  to  tha  obataela.  Ao  a raault  thara  it  not  only 
varlanoa  batwaan  wa^Moa  but  in  thaaa  oaaaa  varianoa  within  waapona* 
Tabla  2.1  ahowa  aona  raaulta  for  all  four  waapona  axpraoaad  in  tamo 
of  tha  minbar  of  tanka  ratjuirad  to  anhiava  an  NQI  valua  of  •$ 

in  tha  no-obataola  and  obataola  oaaaa* 

TABLE  2*1 

P-TS5'a  VDCSSSART  TO  ACHIEVE  ROE  *5^*^ 


WSAPCW 

NO 

12fi6XAfiUI 

OBSTACLE 

HmiMcnmrr 

A 

B 

B-ExA 

P>90na 

1*4 

1*8 

1*28 

F*106an 

1*3 

3*4 

2*61 

I^Rragon 

3*0 

5.0 

1*67 

P-^ 

4*5 

5.3 

1*18 

The  no-obstacla  values  ^va  aoM  indioation  of  the  relative 
effeotiveness  of  tha  various  weapons*  Although  the  F*90nn  and  ^106nm 
appear  e<iual  in  tha  nc^bataola  oasa,  tha  obataola  provides  greater 
enhanoasient  for  tha  latter  baoausa  of  tha  sipaifioantly  longer  range 
at  which  the  F-106  can  engage*  At  different  ranges  tha  result  for  tha 
P>106  would  be  lass.  The  P-TOW  is  such  an  elfaotive  weapon  at  a 

I 

I'ange  before  the  P-T53  oan  effectively  engage  that  tha  obataola  has 
less  iapact  on  tha  P-TOW  ease  than  on  the  )P>Smgon  ease*  . 

The  FOES  work  is  adnittedly  crude  and  preliminary  and  as  a 
result  haa  acne  siffiifioant  ahortooningo*  One  najor  failing  was  the 
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inabillix  to  (me*  tho  lapaot  of  iadlroot  flr«  woapona.  Thla  aapeot 
was  asglsotsd  bsoauss  of  the  Inhsrsat  ooaiplsxitiSB  of  slnulating 
indiraot  flras*  A sitfiifloant  tmrssolvsd  problsa  surfaced  in 
attsfflptlnf  to  rsprsssnt  AT  wsiqiioBs  in  a firspowsr  oonosntration*  NOE 
raluss  for  two  AT  weapons  versus  feur  tanks  tended  to  be  soeieidiat  lower 
than  the  one  on  two  ease*  This  anosMljr  appears  to  bs  a funotion  of  the 
nethod  used  to  represent  the  attaoker  deteotion  event  whioh  Mgr  have 
givan  the  attaoker  store  than  a realietio  expeotation  of  dsteoticii. 

In  spite  of  its  rather  obvious  shortooaiiags  ths  prsliainargr 
FOES  woxk  indioatea  aom  logioal  general  iasights  on  tbs  dgmsmios  of 
obstacle  iepaot  in  ths  ooobat  prooess*  The  only  souree  willing  to 
this  point  to  even  guess  at  ths  quantitative  aepeot  of  obstaoles  on  the 
oonbat  prooess  is  ths  BE80  study  whioh  would  postulats  that  use  of 
■inest  deaolitionsi  and  oonstruoted  obetaolse  would  provide  a combat 
power  eahanossMat  of  1«3|  assuming  the  HSBO  definition  of  combat 

jQ 

power In  Table  the  snhanoement  faotors  varied  from  1*16  to  1*67 
if  the  value  for  ths  P*i06sn  is  disoonnted.  It  is  logical  to  disoount 
that  particular  value  sinoe  the  obstacle  was  sited  at  a near  optimal 
range  and  the  resulting  enhaaosment  is  fgvater  thw  oould  be  expected 
under  most  oironmstanoss*  Preliminary  results  would  indioatst  howevert 
that  an  expeotation  of  inoreased  oonbat  power  of  30  to  ^ percent  when 
the  obetaole  is  snploysd  is  not  unreasonablst  espeoially  considering 
the  effectiveness  of  newer  AT  ws^kbs* 

0ns  surprise  in  the  FOB  work  was  the  lack  of  si^iifioaaoe  of 
delay*  Figure  provides  an  example  of  outoomes  idien  the  intent  was 
to  determine  the  saiisitivity  of  results  to  the  length  of  delay  time* 

The  vertioal  axis  represents  the  peroent  inprovsment  in  the  NOE  value 
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whan  oofflpared  to  tha  no  obataola  or  basa  oua*  The  ganaral  tandenoy 
for  additional  affaotivaneae  to  rapidly  peak  and  additional  delay  time 
loaa  meaning  waa  tznia  throuj^out  the  oouraa  of  the  analyaia* 

Cofflparativa  weapon  capabllitlaa  are  apparently  quickly  moxlmlBed  and 
inoraaead  delay  tinea  do  not  sifftlfioontly  inoreoBa  the  dafendar'a 
additional  oonbat  power  anhanoamant* 

The  pralininary  oonolualon  that  ia  derived  f)ron  the  analytic 
work  ia  that  vahloular  daatraotloB  by  nlnaa  and  aahanoad  oonbat  power 
ia  generally  independent  of  delay  tine*  In  oontraat,  both  the 
hiatorioal  avidanoa  an4  the  analjrtio  work  indicate  that  the  two 
phenomena  of  oaaualtiea  and  targat  anhanoaaMBt  may  be  algnlfioant 
add-ona  to  defender *a  oonbat  power* 

The  logic  atruotura  fonnad  by  reviewing  both  the  hiatorioal 
aaaaaanenta  and  the  available  analytieal  reaolta  aupport  the  poaition 
that  attempting  to  attady  the  inflnanoe  of  the  barrier  on  oonbat  by 
defining  a paranetar  called  "delay"  ia  infeaaible*  The  affaota  of 
aignifioant  amored  vehiola  danaga  by  niaea  and  poaitiva  target 
enhaaoeaeat  idiea  obetaoiea  are  oovered  by  fire  night  be  olaaaed  aa 
the  guaranteed  iaflunnoea  whan  a barrier  ia  anployed*  Thaaa  affaota* 
for  the  aoat  part,  are  iadapandant  of  dalay  tine*  The  other  influanoea 
that  the  barrier  haa  had  on  oonbat  auoh  aa  econoaqr  of  force,  aiding  in 
breaking  and  naiatalning  oontaot,  pemittiag  the  defender  to  prepare 
Bubaaquont  poaitiona,  oonatrlotiag  oonbat  aervioe  aupport,  and 
developing  intelliganoe  are  not  guaranteed  outoonaa*  Delaying  the 
attaoker  oertaialy  aide  the  defender  ia  aohieving  thaaa  Amotions; 
however,  the  ooeibat  enviroraMnt  nuat  have  oharaoteriatioa  other  than 
barriera  whioh  penit  t;ie  defender  to  aooonpliah  theaa  aotions*  Delay 
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is  only  on*  faotor  which  Mlnht  he  lucfUl  in  dcfinixif  the  defender'! 
oaptbillty  to  ezeroiee  fTeedon  of  aotion* 

On  the  hesle  of  the  lltereture  leeroh  A eppeare  that  the 
hypotheela  ahould  he  reetruotnred  to  etatei  It  ie  feaaihle  to 
eetieate  the  value  of  a barrier  at  encafoaent  levela  appropriate  to 
theater  nodeling  ualng  aiaulation  eodelinc  teohnlquea*  To  teat  thia 
hypotheeie  a aodelinc  teofani^  aoat  be  ohoeen  lAloh  will  pemit 
euffiolent  fTeedoa  of  aotion  to  atudy  the  broader  effoote  enoh  aa 
eoonony  of  foroe  and  breaking  oontaot*  If  theae  effeota  oaaaot  be 
atudied  the  ohoioe  of  eaployiaf  a barrier  oollapaea  to  ooaparlnf  the 
reaouroe  ooat  of  lapleaentinc  a barrier  with  the  ooat  of  addins  30  to 
50  percent  aore  ooabat  power* 
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"P"  to  indicate  they  are  a pseudo  representation  of  the  actual  weapon 
sinoe  the  true  firing  distributions  were  not  represented  in  the  model* 

op*  olt.,  p.  53. 

^^HERO,  op*  oit*,  pp*  11^169* 

^^"TOES,"  op*  oit.,  p.  69. 


CHAPTER  III 


—THE  NOEDi- 

Th«  lo(^o*l  ooBolufliona  lAiob  raaultad  tram  th*  litaratur* 
■•arch  th«  •nvironiMnt  that  auat  b«  oraatad  to  provlda  a 

oonolualva  atudgr  of  tha  lapaot  of  tha  barrlar  on  iha  oonbat  prooasa. 

Tha  orltloal  racpiiraBant  la  to  rapraaoDt  "ftaadoa  of  aotiea.”  "fxaadoa 
of  aetlQB"  lapliaa  a prooaaa  idtara  altamatiraa  aay  b#  ohoaaB  for 
aoooaipllahine  tha  Intandad  piarpoaa*  It  would  appaar  that  four  kay 
faotora  daflna  tha  oapablllty  to  ohooaa  altamatlvaat  tha  raqulraMut 
or  miaalont  tha  axlatlng  altuatlon;  raaouroa  oonatralntai  and  projaotad 
outoooMs.  Tha  logloal  prooaaa  of  ooBbining  thaaa  four  faotora  aheold 
prodttoa  a liat  of  admlaaabla  daoiaiona  or  altamativa  ohoioaa* 

Tha  raciulraMnt  or  ■laaion  ia  a aiapla  atataaant  of  what  auat 
be  aooonpliahad.  Tha  axlatlng  altvatlon  la  tha  daelalon  aakar'a 
viaualicatlon  of  tha  Important  aapaota  of  tha  anvlrowaant  la  whloh  ha 
nuat  aoooapllah  tha  raqulramant*  Thin  anvlronaant  ia  iafluaaoad  by 
two  distinct  kinda  of  Impaotot  tboaa  tha  daolalon  makar  oaa  oontrol 
and  those  he  cannot.  In  tha  military  anvlronaant  axaaplaa  of  tha 
latter  are  terrain,  weather,  enemy  slsa,  and  anany  dlapoaltlona. 
Ihcaaplas  of  the  former  are  allooatlon  of  firs  support,  looatlon  of 
reserves,  and  raqulramants  assigned  to  aubordlaata  alamants.  nia 
deciolon  maker's  oontrol  la  oonstralned  by  the  available  resouroas  and 
the  appropriate  "oost"  of  a partloular  aetion  In  taraa  of  those 
resouroas.  Finally,  tha  daolalon  maker  must  astimata  tha  result  or 
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4B 

outoomi  logloally  ohoosinc  th«t  ooutm  tAleh  providt*  th«  b«Bt  chance 
for  Bucoeea  within  the  reaouroe  liaitations* 

A concept  for  deoieion  nakinc  was  iaoluded  in  the  COMAF 
XvaluatioR  Model  (Cfl()«  In  CSf|  "at  the  beginning  of  each  period, 
eeveral  taotioal  deoiaiona  are  nade  at  diviaion  level,  baaed  on  the 
divlaion  eitinate  of  the  aituation*  Theae  daoiaiona  Include  allocation 
of  fire  aupport  to  brigadee,  aaeignaent  of  brigade  ■iaaion,  and 
ooMitaent  or  reoonatitution  of  a divlaion  raaerva."^  Obvioualy 
including  any  kind  of  a deoieion  algoritba  in  oonbat  eodeling  ia  a 
forward  atep*  There  are,  however,  aoee  dlatinot  diaadvantagea  ia 
the  cn  ajratea*  "leat*  outooaea  are  ohoeen,  but  the  deoiaiona  are 
oontrolled  by  threaheld  of  ooaparatlve  firepower*  Saoh  la  aotually 
a "go  no-go"  notion  and  aoae  aay  ooour  oeneurrently*  They  are  "no 
coat"  deoiaiona  ainoe  the  sianlated  deoieion  aaker  ia  not  required  to 
apend  reaouroea*  Thua  thie  syataa  only  providea  for  a logioal  aequenoe 
for  changing  activity  baaed  on  the  ourrent  aituation*  The  abort  fall 
ia  the  faot  that  there  la  no  ooapariaon  of  alteniative  ohoioea  for 
aeooan)liahing  the  aaae  objective*  Aa  in  other  phaaea  of  Cm,  the 
outooaw  ia  deterainietio  with  thia  deoiaion  algorithm  aiaply  providing 
aoae  additional  flezibility* 

Aa  objeotive  of  thia  tbeaia  ia  to  eotabliah  a modeling  technique 
capable  of  evaluating  the  influence  of  barriera*  It  ia  logioal,  therm- 
fore,  to  oonaider  altomativea  to  the  dotomiaiatio  type  model 
ropreaented  by  CBI*  One  alternative  ia  the  Monte  Carlo  or  probabillatie 
teohniqua  which  "oonaiata  of  doterniniag  a aamplo  outoome  idtloh  ia 

depondont  upon  other  variabloa,  by  randomly  amapliag  from  the 

2 

diatribution  of  theaa  variabloa*"  The  Portifioation  Cbataole  Effeota 


49 

Slaolatioo  (FOIS)  diiooaMd  in  Ch»pttr  XZ  it  an  azanpl*  of  ittoh  • aodol* 
Conflict  hu  lone  oxiotod  in  tho  nilitnr^^riontod  oporntionn  rononroh 
oomunity  over  the  ohoioo  of  « "dotonainintio"  or  "probabilintie" 
fomulation  of  oonbnt.^  Thin  tbnsis  will  not  nttnapt  to  detail  the 
varioua  anpaotn  of  tho  areuiMnta,  hat  com  hrinf  dinousoion  in 
nnonnoarjr  to  oupport  thn  nubnnqunnt  nnlnotioa  of  a nodnline  tnohniqim* 

Onn  key  factor  in  thn  areuiMnt  in  whether  or  not  thn  "added 
difficulty  of  eolation  of  the  prohabilietio  eodel  leade  to  inproved 
malinn."^  Onn  ni^iifieaat  analynie  eapporte  thn  ponition  that  thn 
ohoion,  in  a real  nenen,  in  irrelevant  bnoanen  "there  eziata  vary 
little  diffnrnnon  between  prohabilietio  flow  of  the  eolation  and 

5 

dntnminintie  meolte  for  foroee  involvinf  eom  than  a few  doenn  ■en."'^ 
Althoueh  thin  oonolueien  any  be  valid|  it  ia  tonpered  by  one  very 
nienifioant  faotor*  Both  the  detexniaintio  and  prohabilietio  tnohniqana 
oonnidered  within  thn  liaita  of  the  areunnnt  am  oriented  toward  an 
almoat  conpletn  dnpnndnnoy  on  mlativn  aaeot  ueually  in  thn  form  of 
fimpownr  ecoma  or  force  ratio,  to  dntnminn  outoonn.  Any  tnohniqun 
that  olaimo  to  improve  the  representation  of  fmndon  of  action  nust, 
therefore,  consider  bow  fmndom  of  action  should  bn  balanoed  o^iainst 
the  influence  of  mass*  That  mquimmnnt  will  be  dinouased  at  some 
length  throughout  this  chapter;  however,  thn  initial  problem  remains 
thn  general  choice  of  teohniqus.  If  the  solutions  from  deterministic 
and  probabilistic  repmsentations  of  combat  do,  in  fact,  converge  and 
the  decision  making  prooees  in  cm  inadequately  portrays  freedom  of 
actiem  then  some  other  repmsentation  of  combat  should  be  oonsidemd. 

At  this  point  it  ia  helpful  to  forgot  the  analyst  and  his 
omoem  for  deteministio  versus  probabilistio  and  return  to  the 
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d«eiaion  maker  aad  tha  four  faotora  that  iafluonoe  hie  oapahlllty  to 
ohooae  altomatlvoa.  The  daolaloa  auikar'a  roquironant  and  reaouroos 
are  datarainistiOt  aa  ara  thoaa  aapaota  of  tha  currant  situation  which 
ha  can  control  auoh  as  tha  alza,  ooapoaition,  and  location  of  his 
raiiarve.  Thoaa  aapaota  of  the  currant  situation  which  ha  cannot 
control  auoh  aa  waathar  and  ananjr  diapositiona  aay  ba  olaaaad  as 
probabilistio*  Tha  axiatanoa  of  unoartainty  in  thasa  areas  supports 
intalliganoa  as  a ftmotlon  of  ooabat  with  tha  purpose  of  raduoing  that 
unoartainty*  Tha  fourth  faotor,  projaotad  outoosMi  is  siffiifioantly 
probabilistie*  Tha  nature  of  ooaibat  la  such  that  tha  bast  plan  nay 
fail  and  tha  worst  auooaad;  thus,  tha  daolsion  nakar  faoas  eonsidarabla 
unoartainty  in  this  area*  To  raduoa  that  unoartainty  ha  axareisaa 
dynaaiio  oontrolof  his  rasouroas*  Tor  axamplat  ha  novas  units  to 
support,  ohoosas  to  defend  on  tha  bant  terrain,  or  raallooatas  fire 
support  at  any  tins*  In  tha  parspaotiva  of  tha  analyst  a nodallng 
taohniqua  for  this  prooass  should  provida  tha  oharaetaristion  of 
unoartainty  in  outoosM,  altamativa  eholoas,  and  a dynanio  oontrol  of 
raaouroas* 

Tha  naoend  aajor  problaai  in  to  provida  there  obaraotaristies 
for  tha  nodal  and  naintain  a unafhl  parspaotiva  on  tha  Influanoa  of 
nans  on  oonbat  outoonas*  Again  tha  nilitargm^iantad  operations 
rasaaroh  oonannity  providas  two  distinot  opposing  positions*  On  one 
hand  an  argunnnt  to  st;9port  nans  having  tha  doninant  influanoa  on 
oombat  outooM  is  the  oonoluaion  that  "*8inoa  tha  year  1600  tha  site 
of  tha  winning  amy  has,  on  tha  avaraga,  baan  largar  than  tha  loser* 

In  oontrast,  another  analysis  of  a slnilar  period  states  that 
"Oanarally,  initial  foroa  ratio,  * • *, 


had  little  affaot  on  tha 
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ouiooM  of  tho  iMittleB  ■ludiod*"'  Th«  first  position  supports  the 
widsly  aoosptsd  Lsnohostsr  thsorjr  of  coabnt  whieh  portngrs  individual 
foros  slsasnts  as  nalataininc  oonstaat  sffsotivsasss  with  ths  sxohaafs 
rats  than  favoriaf  ths  larfsr  foros*  Ihs  altsnativo  position  is 
supportsd  hy  ths  faot  that  *^storioal  data  for  infantry,  amor,  and 
air  show  oonsistsntly  ths  aors  outnuabsrsd  a foros  is  ths  hsttsr  its 

Q 

sxohancs  rats  will  hs***  nisss  two  srtrsns  positions  provids  anpls 
spaos  for  ooaproaiss* 

Usinc  thsss  arfunonta  to  fain  an  aoosptabls  psrspsotivs  on  ths 
Influsnos  of  aasa  on  ooahat  outoosM,  it  is  ussful  to  oonsidsr  ths 
various  faosta  of  ths  two  sxtrsass  in  a qoalitativs  ssnss*  First,  if 
mass  is  not  oritieal,  in  a purs  ssnss,  it  would  bs  lofioal  to  shooss  to 
fi^t  all  battlss  with  aaallsr  foross.  lhat  position  is  obviously 
oountsz^intuitivs*  A military  taotioian  advocating  a aaallsr  amy 
bsoauss  it  had  a hi^sr  likslihood  of  winning  would  soon  bs  sssking 
othsr  snployarant.  It  would,  thsrsfors,  bs  nnrtaaonabls  not  to  dssirs 
a prspondsranos  of  foros  in  ths  long  run*  At  ths  sans  tins  it  is 
rsasonabls  to  assuas  that  ths  outnuabsrsd  opponent  rsalisss  his 
disadvantags  and  takss  appropriats  aotion  to  ainiaias  its  sffsot*  This 
phsnonsnon  probably  aooounts  for  ths  highsr  sxohangs  ratios  for  ^atsr 
disparities  in  force  siss.  A oonbination  of  ths  historioal  data  and 
logical  argument  would  then  prssoribs  that  mass  is  dominant  over  tims 
but  must  bs  viewed  in  a different  psrspsotivs  at  a spsoifio  point  in 
time* 

The  modeling  oonospt  ssleotsd  to  issst  ths  various  oharaoter» 
i sties  disousBsd  in  ths  prsosding  paragraphs  was  first  developed  in  1970 
by  Nr*  Gerald  X*  Cooper  than  a senior  analyst  with  the  Foros  Struoture 
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Dapax^MBi  of  tlw  iMMreh  Analjrals  Corporation  of  NoLaan,  Virginia. 

Hla  proposal  waa  tamad  axpariaeatal  and  thara  ia  no  indication  that 

tha  taohalqaa  baa  baan  appliad  in  any  foraal  study  in  support  of 

Sapartaant  of  tha  Any*  As  a raault,  inforaation  uaad  to  support  thia 

thaaia  uaa  draim  fron  an  unpubliahad  raport  datad  January  1971  and  a 

aaapla  ooaputar  taat  run*  nia  short  tltla  of  tha  raport  ia  "Tha  VOATES 

(Viaihla  Oradad  Approach  to  Thaatar  Iffaotlvanaaa)  Notabook*"  Tha 

follotrinf  ooanaot  astabliahaa  tha  (anaral  oharaotar  of  VOATESi 

VOAfKS  is  a prototypa  ooapfutar  prograa  that  raprassnta 
dafanaiva  ooabat  in  tha  abatraot  and  ia  acsracata.  A aiafla 
run  produeaa  tabular  and  craphio  aunaariaa  of  oonbat  over  a 
rvoKS  of  available  and  ooamittad  raaouroaa* 

Conbat  is  asaumd  to  oonaiat  of  a auooaaaion  of  sini;le 
parted  trials*  Bafora  aaoh  trial » tha  dafandin^r  oomandar 
raviam  a list  of  adaisaabla  ohoioaa  of  what  to  do  naxt* 

Sabjaot  to  llaitatiao  on  raaouroaa,  tha  oooaiandar  (algorithn) 
salaota  a alngla  aetion  fron  tha  list  to  naxiaiaa  his  forward 
(asepaetad)  FEBA  poaltion  for  tha  ourraat  period*  Tha  ooasMndar 
ia  paraittad  saoond  thouchts  about  previous  parioda  and  oan 
aaka  a eurrant  ohoieo  aa  though  aany  (but  not  all)  praoadin^ 
oheieas  oan  be  raaada*  Tha  ooauBdar's  daeiaion  prooass  is 
rapaatad  for  aaoh  tine  period  and  aaoh  quantity  of  raaouroa 
oansuBBd*^ 

Briefly,  thia  prooass  aay  be  daaeribad  aa  thaatar  oonfliot  rapraaantad 
by  a dynaaio  progr— ting  algoritfaai  whara  tha  dafandinf  ocawiandar 
eptiaisaa  nis  stratsfy  at  a partioular  tiaa  and  raaouroa  level* 

VOATBS  viaualiaaa  the  battle  fiold  as  a aariaa  of  iatoraaotiona 
of  aaotora  and  dafansa  lines*  Saotora  are  widths  of  terrain  ganarally 
parallel  to  tha  axpaotad  aovaaant  of  tha  opponanta*  Lcgioally,  aactors 
are  ohoaan  to  oerraapood  to  a apaoifio  unit  type  of  fPontaga  suoh  aa 
diviaioB  saotora  or  brifada  saotora*  Dafansa  lines  are  parpandioular 
to  tha  axpaotad  sovaaMnt  of  opponanta  and  imst  be  tha  aana  in  aaoh 
saotor*  Tha  intarsaotion  of  a saotor  and  dafansa  line  provides  a 
point  at  whioh  aa  aacaconant  nay  be  asaaasad* 
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Th«  alforithn  tAioh  r«pr«Matfl  tlM  dtfiadiaf  ocaundtr  vmi  tb« 
following  objootivo  fttnoticn  at  pariod 

" Sw  "l*  * MWUtl*) 

wbara  MXf  ia  tha  daoialoa  ladax 

L ia  tha  aaotor  iadas 

Q ia  tha  holding  prohabilitp 

DI8T  ia  tha  diatanoa  of  a spaoifiad  dafanaa  lina 
ia  a apaeifiad  aaotor 
i ia  tha  dafanaa  lina  indax 

N4  ia  tha  maabar  of  dafanaa  liaaa 

Tha  holding  probability  ia  tha  probability  that  tha  dafandar  will 

ratain  a apaoifio  dafanaa  lina  in  a apaoifie  aaotor  undar  tha 

oonditiona  that  aziat  in  pariod  "BI8T"  nay  ba  ainply  wiawad  aa  a 

waighting  factor  wfaioh  dafinaa  tha  ralativa  iavortanea  of  a apaoifio 

dafanaa  lina.  "DIST**  la  noivaliaad  baaad  on  a rafaranoa  lina  ao  tha 

ranga  of  poaaibla  valuaa  ia  Oivan  thraa  dafanaa  liaaat 

aanpla  valuaa  for  *n)IST”  aight  ba  (l.y  .33)*  Thua  tha  dafaadar 

ia  ooaqplataly  anooaaafhl  if  ha  holda  tha  firat  lina.  Tha  tarritoxy 

gainad  by  tha  attaokar  in  aoving  to  tha  third  lina  ia  dafinad  ia  thia 

partioular  azanpla  to  ba  of  auoh  oritioality  that  tha  valna  of 

ratalning  dafanaa  lina  thraa  ia  worth  only  ona^hird  that  of  rataining 

dafanaa  lina  ana.  "Tha  oonbat  objaotiva  nay  ba  to  ratain  a ragion.  If 

holding  any  dafanaa  lina  in  tha  ragion  ia  a oco^lata  auooaaat  it  ia 

appx^priata  to  ragard  all  dafanaa  linaa  aa  having  tha  aaaa  'dia*> 

tanoe  ■ 1.0."^^ 

Qualitativaly,  tha  objaotiva  funotion  ia  tha  ohoioa  of  that 
admisaable  daoiaion  whioh  naziaiaa:  tha  lowaat  aaotor  bolding 
probability  oonaidaring  all  dafanaa  linaa  within  tha  aaotor.  Sinply 
atatad  thia  "nar-nin"  oritarion  ia  an  attanpt  to  atrangthan  to  tha 
naziann  aztant  poaaibla  tha  waakaat  dafandar  aaotor.  A aanpla 
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adaiisable  daolaion  Hat  for  a problan  wh#M  th«  dafanding  force 
oonslatB  of  a alngla  foroa  tjrpe  which  WQr  ba  ailbar  oonmitted  to 

1 2 

oofflbat  in  oaa  of  two  aaotora  or  addad  to  tha  combat  reaarve  mig^t  be: 

Mtr 

1 - Add  no  foroa 

2 - Add'ooa  unit  of  forma  trm  00M0&  to  thaatar 

combat  raaarva 

3 - Tranafar  ona  unit  of  foroa  Aram  oombmt  raaarva  to 

aaotor  1 

4 ~ Aranafar  ona  unit  of  foroa  firom  oombmt  raaarva  to 

aaotor  2 

5 - Tranafar  ona  unit  of  foroa  Aram  aaotor  1 to 

oombmt  raaarva 

6 > Tranafar  ona  unit  of  foroa  Aram  aaotor  2 to 

oombmt  raaarva 

TQATB  oparmtaa  baat  in  an  anvin»mant  idiara  daoiaiona  ooat  aithar 
nothinf  or  m unit  ooat*  in  axampla  of  m "ao>ooBt"  daciaion  night  ba 
add  no  foroa  f or  if  ocmnittad  foreaa  ara  oonaidarad  to  ba  oomplataljr 
ofltttrollad  bgr  tha  oaaumdar  ahiftinc  m foroa  ftcm  ona  aaotor  to 
anothar*  fur  other  daoiaiona  tha  daeialon  liat  ia  atroeturad  to 
raflaot  tha  unit  ooat  aqulvmlaoogr*  for  axampla,  maanma  tha  raquiramant 
to  ooavara  ralnforoinc  with  artillary  varoua  oommlttinf  tank  unit 
ranarvaa*  Rmthar  than  aalaoting  tha  unit  alaaa  and  than  mttamptlng 
to  ooat  tha  mltaxnmtivaa,  tha  unit  alMO  ara  aalaotad  in  m manaar  idiioh 
dafinaa  tha  mltammtivaa  to  ba  about  aquml  in  ooat* 

nia  aami-probmbiliatio  nature  of  TQATB  ia  raflaotad  ia  the 
tranaitien  probability  (*T*)  oonoapt*  niia  davioa  ia  a raflaotion  of 
tha  fact  that  the  oommaadar  ia  faoad  with  an  unoartain  outooma*  Tha 
tranaition  probability  ia  aaaumod  a fOnotion  of  atrangth  or  foroa  ratio 
(QDOT)*  figure  3*1  diaplaya  the  gaomatry  of  thin  mathod*^^  Tha 
vortioal  axia  ia  the  tranaition  probability  and  tha  horiaontal  axia  tha 
fOrea  ratio*  for  a value  QDOl^B  tha  dafandar  ia  aaaumad  to  retain 
tha  angagamant  point  with  probability  1**  At  tha  other  axtrama,  for 
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} 

i 

j 

QUOT^  tht  d«f«nd«r  ii  ocrtala  not  to  rotnln  th«  point  of  tncnfMMBt* 

! 

noon  3.1  ’ 

Tiuirsmoi  PBOBABZLITZB 

n voAOs 

1.0 

p 

0.0 

qpoT 

(Foacx  RATIO) 

When  the  foroe  ratio  (QOOT)  is  in  tho  interval  B to  A the  transition 
probability  is  defined  by  a linear  ftmotion  deteimined  by  the  two  given 
pairs  of  transition  probability  and  foroe  ratio  values  (l.O,  B)  and 
(pi  a).  Likewise  the  values  in  the  Interval  A to  C will  be  defined  by 
a linear  function  determined  by  the  pairs  (p.  A)  and  (0.0|  C).  For 
any  given  force  ratio  the  function  then  provides  a corresponding 
probability  for  defender  eucoess.^^ 

VOATES  is  not  neoeeearily  the  ultimate  in  combat  aodeling,  nor 
is  it  in  a state  of  development,  as  introduced  in  the  previous 
par£igraphB,  appropriate  to  direct  application  for  the  partioular 
problem  of  analyzing  barrier  effectiveness.  Gne  sigiifioant  attrition 

I 

is  the  concept  of  a decision  process  which  is  sigpiifioantly  unoon> 

i 

strained  in  comparing  alternatives.  1110  formulation  of  an  adaissable 
decision  list  is  limited  mly  by  the  analyst's  ingenuity  and  the  j 

I 


56 


neo«8olty  for  maintaining  a rtaaonabl*  computer  run  time.  An 
additional  attraction  io  the  aepeot  of  uncertainty  in  the  combat 
outcome.  There  is  a price  to  pay  for  thie  particular  advantage. 

V0ATE5  was  designed  "to  provide  a means  to  relax  eome  but  hardly  all  of 
the  00  and  KCMIO  conditions  and  data  applied  in  eome  forma  of  combat 
simulation  to  partial  00  and  partial  KO-GO  rules.  Partiality  or 
distribution  of  results  is  realistic  and,  in  a sensei  should  present 
more  credible  tho\igb  nun-unique  oonclueions."^^  The  cost  of  uncertainty 
would  appear  to  be  the  sacrifice  of  a unique  quantitative  answer  for 
the  sake  of  better  qualitative  solutions.  It  could  be  argued  that  the 
uncertainty  aspects  of  VOATES  do  not  truly  escape  the  dominanoe  of 
relativs  maaS|  since  the  transition  probabilities  are  a function  of 
relative  force  ratio.  That  argument  will  be  considered  in  detail  as 
the  technique  is  modified  to  address  the  particular  problem  of  barrier 
effect  iveneas. 

Internal  and  external  modifications  of  VCATES  were  required  to 
structure  the  technique  for  the  barrier  problem.  The  prototype  model 
which  resulted  fron  those  modifications  will  be  referred  to  as  the 
Barrier  Effectiveness  Analysis  Revision  (BEAR).  The  first  modification 
addresses  the  general  perspective  of  the  type  problem  to  be  addressed. 
VOATES  was  desiffied  in  on  environment  where  force  structure  deoisions 
are  concerned  with  theater  and  multi-theater  strategy.  In  that 
environment  factors  such  as  basing  deoisionsi  inter-theater  lift,  and 
multi-service  configuration  (new  aircraft  carrier  versus  new  main  battle 
tank)  must  be  oonsidared.  The  obetaole  syetem  or  barrier  impacts  at  a 
lower  eobalenF-appropriately  that  echelon  where  the  oonmander  makes  the 
deoision  to  employ  the  barrier  as  one  of  the  alternative  tools  for 
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aooompllBhlng  his  mlooion.  For  BEAR  tho  Division  was  ohossn  M ths 
level  for  analysis.  This  ohoioe  was  influsncsd  by  the  fact  that  COI 
resolves  coabat  at  the  Brigade  level.  The  barrier  le  basloally  a 
oonbat  multiplier  and  should  iapaot  at  the  level  where  ooaibat  ie  played. 
Finally,  the  Division  directs  and  controls  those  resources  idiieh  support 
the  Brigade.  This  altered  perepeotive  does  not  evoke  massive  changes 
in  technique,  but  sets  the  stage  for  a different  set  of  problesis. 

The  basio  loglo  sequenoe  for  the  BEAR  algoritha  is  displayed 
in  the  flow  chart  shown  in  Figure  3*2.  After  appropriate  inputs  are 
cataloged  and  the  time  counter  is  initialised,  the  prooess  ie  controlled 
by  three  basio  logic  loops.  The  initialisation  sequenoe  sets  the 
beginning  force  levels  in  each  sector,  and  sets  the  first  oombat 
engagement  on  the  first  defense  line.  Kext,  a Red  strategy  is  ohosen 
for  that  time  period  and  the  available  Blue  resource  level  is  set  to 
zero.  The  algorithm  then  executes  the  inner-most  loop  which 
corresponds  to  the  selection  of  the  beet  deoision  that  Blue  oan  make 
within  the  established  resource  level.  This  seleotion  is  based  on  Bed 
and  Blue  attrition  and  the  resulting  transition  and  holding 
probabilities.  Given  that  the  deoision  currently  being  oonsidered  is 
equivalent  to  a previously  selected  deoision,  the  oxurrent  deoision  will 
be  selected.  It  will  be  subsequently  established  in  the  discussion  of 
the  Blue  deoision  list  that  this  procedure  for  treating  indifference 
will  gain  some  analytic  signifloance  by  the  selection  of  sequence  for 
the  Blue  doolsions.  When  a Blue  decision  is  selected  as  better, 
appropriate  output  values  are  saved. 

The  inner-most  loop  is  exhausted  by  considering  all  feasible 
Blue  decisions.  The  algoritha  then  checks  to  determine  if  all  feasible 
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r*touro«  Itvali  hav*  b««i  oooaidartd*  If  not,  tho  ronoureo  valuo  !■ 
Inoromontodi  tho  first  Blus  dsoision  is  sslsotsdi  sad  ths  proosss  of 
■slsotiac  ths  hast  Blus  dsoision  is  rspsatsd.  Aftsr  all  fsasibls 
rssouros  Isvsls  havs  bssa  ooatidsrsd,  ths  sslsotsd  dsoisions,  and  ehjso* 
tivs  Amotion  valuss  ars  storsd  for  fUturs  rsfsrsnos*  Ths  alforithsi 
thsn  ohooks  to  dstsrains  idisthsr  or  not  all  tins  psriods  havt  bssn 
eonsidsrsd*  If  not,  ths  nszt  tias  psriod  is  sslsotsd|  nsosssai^  valuss 
srs  rs-initializsd;  Bad  ohoossa  a nsw  stratagrt  and  ths  proosssss  of 
ths  two  innsr  loops  ars  rspsatsd*  Aftsr  all  tias  psriods  havs  boon 
omsidsrsd  ths  dssirsd  output  is  rsoonstruotsd  for  analjrsis* 

B&AB  is  struotursd  so  that  only  two  aajor  inputs  ars  rsqulrsd 
froa  a rsad  filst  initial  foross  and  tsrrain  dssigiations*  All  othsr 
inforaation  rsquirsd  for  initialisation  is  provldsd  in  intsxnal  data 
Btateasnta*  Ths  aodsl  is  struotursd  with  two  ssotors  to  oorrsspond  to 
two  Blue  brigade  frontages,  and  a maxinnua  of  six  dsfsnes  linos*  A 
maxiana  of  31  reaouroe  levsls  and  30  days  of  oombat  is  psraittsd* 

Terrain  at  the  intersection  of  a sector  and  defense  line  auy  be 
dooi0iated  oa  one  of  three  olaesee  (easy,  moderate,  difficult)  which 
correspond  to  the  three  general  classes  of  terrain  used  in  GSM  as 
diccusoed  in  Chapter  I*  Ths  influence  of  terrain  in  the  sodsling 
process  will  be  detailed  in  subsequent  disoussion  of  transition  and 
holding  probability  sequences* 

One  diffsrsnes  between  TQATES  and  BBAR  is  the  laethod  for 
inputting  the  initial  forces*  TOAIES  was  stxuotursd  to  input  Blue  and 
Red  forces  as  types  of  firepower*  BBAR  is  dssiffisd  for  inputting  unit 
types  and  then  converting  then  to  a representation  of  firepower*  Unit 
organisations  for  Blue  forces  were  baaed  on  data  provided  in  B3AC03C. 


orfanieation  was  adopted  fron  m 30-102  Bandbook  an  Aaaraaaor.  The 
unit  types  acceptable  in  BEAR  are  as  follows  t 
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mUJsm} 

1 Armor  Battalion,  17*‘3^ 

2 Meohanlsed  Infantry  Battalion, 

3 Arsiored  Cavalry  Squadron,  17-105H 

4 Artillery  Battalion  (l$9aa  HOH) 

5 Artillery  Battalion  (Sin  HOW) 

m /»tan«pl 

1 Heavy  Tank  Rsflaeiit 

2 Mediia  Tank  Roffiaent 

3 Notorlsed  '‘ifle  Hefiaeat 

4 Dlvlsiea  Artillery  (Tank  Bivieioa) 

5 Aeeonaalssaane  BattUioa 

6 Uvlsioa  Artillery  (Notorlsed  Bivieioa) 

7 Aatl'-Tank  Hsiriaaat 

8 Nixed  Artillery  Brigade 

Unite  input  to  BBAB  are  eoaverted  to  five  firepower  typee*  Mhere 
there  is  possible  ooafllot  of  aesiipiaoBt  such  as  the  ease  of  BNP 
aounted  Saegers,  the  asei^iaeat  was  based  on  the  priaary  weapon  type— 
antl«^snk  in  this  partioular  exaaple* 


TABU  3*1 

zaBsmjm 

Z*  Light  Hei^oas  (Zndlvldaal  aid  Crew  Served) 

Zl«  Ai«or  (Tanks) 

111*  Light  Armor  Neehanlsed  Tehlolea  (APC,  BNP) 

IT*  Anti  Tank  Weapons  (TOW,  SAOCBB) 

T,  Artillery  and  Nortars 

The  resulting  ooabat  power  representations  of  partioular  unit 
types  are  shown  In  Tables  3*2  and  3*3*  For  each  fores  the  ooabat  power 
representations  are  assisted  to  either  one  of  the  two  seotors  or  placed 
in  tbs  reserve  as  deal^iated  In  the  input  data*  The  first  engageaent 
Is  set  on  the  first  defense  line  by  asalffilag  a bolding  probability 
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value  of  1.0  for  that  lisa  at  the  batlnninf  of  D-dajr.  Tha  alforitiM  oaa 
than  hagin  by  aalaotlng  a Rad  atratagy. 


TABLE  3.2 


(BUNIT) 

Pirtpowar  Types 

iSBElEil 

Unit  Types 

1 

II 

III 

IV 

V 

1 Araor  Battalion 

277 

54 

18 

0 

4 

2 Naohanisad  Battalion 

714 

0 

63 

36 

13 

3 Armored  Cavalry  Sqdn 

643 

27 

75 

9 

0 

4 Artillery  Battalion  (155) 

5 Artillery  Battalion  (8*) 

0 

0 

0 

0 

18 

0 

0 

0 

0 

12 

TABLE  3.3 

RED  COWBAT  POWER 

(RUHIT) 

Firepower 

TptLiMttai} 

Blit  IlPff 

I 

11 

111 

IV 

V 

1 Heavy  Tank  Regiment 

5 

96 

15 

0 

0 

2 Medium  Tank  Rsgi— nt 

5 

98 

15 

0 

0 

3 Motorised  Rifle  Regiment 

1490 

34 

170 

21 

24 

4 Division  Artillery  (Tank) 

20 

0 

21 

6 

50 

5 Reoonnalesanoe  Battalion 

23 

7 

12 

0 

0 

6 Division  Artillery  (Motorised)  32 

0 

21 

18 

74 

7 Anti  Tank  Regiment 

16 

0 

8 

34 

0 

8 Mixed  Artillery  Brigade 

20 

0 

0 

0 

72 

Ona  major  atrooturing  problaa  for  BEAR  was  tha  oholoa  of  an 
appropriate  liat  of  admlaaabla  daolaioea.  Tha  fact  that  only  tha  Blue 
00— andar  had  daolalon  power  in  TOA3E9  was  unaooaptabla.  Tha  bast 
solution  to  this  probl—  would  be  to  provide  tha  si—latad  Bed 
oo— andar  with  a similar  algeribBa  whioh  enables  hia  to  taka  an 
optimal  oouraa  of  aotion  in  each  period.  That  ooursa  of  motion  was 
oonsidarad  infeasible  in  view  of  tha  tim  raqair—ants  and  analyst 
oapability  supporting  this  paper.  The  alternative  was  to  provide  tha 
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R«d  forot  a ttruoturtd  00  VO-00  daoitloa  proeaia  aiailar  to  that  used 
in  cm*  Tha  ralativa  foroo  status  is  sxaniasd  bsr  Rod  at  ths  start  of 
saoh  psriod,  bsfors  Blus  makss  a dsoision.  Ths  wssksr  Blus  ssotor  is 
alwajrs  ohossn  for  ths  first  aotion*  If  Rsd  has  Isss  than  3tl 
supsrioritj  in  that  ssotor  hs  iaasdiatsly  eoaalts  oa»>half  of  his 
rsssrrs  to  that  ssotor*  If  Rsd  foross  in  ths  stroacsr  ssotor  also  havs 
lass  than  a $t1  advaatacs,  Rsd  ooanits  ons-half  of  ths  rsaiaialaf 
rsssrvs  to  that  ssotor*  At  ths  bscianiac  of  say  psriod  should  ths 
st^rlority  sxossd  5<1  is  wy  ssotoTi  ens-thlrd  of  ths  ooaaiittsd 
slssMBt  will  hs  rstumsd  to  ths  rsssrvs.  Ths  thrsshold  valus  is 
aa  arbitrary  eholos}  howsvsrt  it  doss  ooirsspoad  to  ths  logical 
ooastruotiMi  of  othsr  ooaipoasats  of  ths  nodal*  Xa  ths  dsvslopssnt  of 
ths  traaaition  probability  ssqusaos  it  will  bs  dsoonstratsd  that  a 
3i1  Rsd  si^riority  will  rsstriot  Bins  to  Isss  than  a 10  psroaat  ohaaos 
of  rstaiaiaf  a spsoifie  dsfMMS  lias*  addiag  foross  at  lass  thaa 
5t1  Isd  is  attsaiptlag  to  aohisvs  ths  tisar  osrtaia**  win  oonditioa*  Ry 
withdrawiag  sons  slsasats  at  crsatsr  than  Isd  is  attaaptiag  to 
rsoonstituts  his  foros  in  ooataet  nadsr  ths  aost  faworabls  oonditioas* 
This  prossss  is  shown  in  dstail  ia  ths  flowohart  ia  lignrs  3*3* 

This  Bad  dsoision  proosss  say  assn  rathsr  llaitsd  sad  arbitrary* 
0ns  ebjsotiws  was  to  kssp  it  sii^ls*  Ths  othsr  was  to  rsprsssnt  two 
notions  whioh  oould  haws  a najor  iivaet  on  Bias's  stratsor*  Ths  first 
is  a lad  tsndsaoy  to  opsrats  by  unit  rsplaosMnt*  If  tbs  fores  ratio 
sxossds  ths  3t1  ratio  ia  a psriod,  ths  oas-third  withdrawal  would 
i^proxiaats  a unit  siM*  Ths  withdrawal  of  tboss  forosa  will  probably 
taka  ths  faros  ratio  bslow  5t1  whioh  foross  a rsiaforosasnt  ths  nsxt 
psriod,  aooonplishiac  tbo  rsplaosnant  withia  ths  foros'o  oorrant 
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oapablll'ty.  Th«  largar  ooMltMBt  of  rosorvoa  to  tho  woaktot  Blue 
■eotor  is  an  atteeipt  to  repreiant  the  dootriae  of  oonoentratin^  at  the 
weakaat  point. 

The  seleotlon  of  tha  initial  daeiaien  apaoe  for  Blue  was  Halted 
to  13  adaiesable  aotioae*  niees  aotioaa  are  detailed  in  Table  3.4* 

The  first  seven  deoisions  are  tie  oost."  They  are  eeleeted  baaed  on 
the  Idea  that  the  eoeeiender  oan  iastltute  the  aetloo  within  hie  eziatinf 
reaooroes*  They  eaaeotially  provide  hin  control  of  hie  orfanio  foroee 
by  dolnc  nothinf,  aovinc  then  laterally  or  aovinc  then  front  to  rear, 
or  rear  to  ftrant*  The  aequonoinc  of  theae  eeven  deoiaiona  was  seleoted 
to  provide  an  inherent  priority  la  thoee  eaaea  where  tho  algorithm 
Bight  be  indifferent  to  a ohoioe  between  two  deoielona*  is  previoualy 
eatablished  ahould  iadifferenoe  be  eneeentered,  the  ourrent  deoiaioa  is 
seleoted*  Aesnniag  thie  indifferanoei  the  seqaanoiag  dietates  that  it 
is  least  attraotive  to  shift  foroee  laterally*  Logioally  if  foroee  are 
required  forward  the  nore  likely  alternative  would  be  to  eoeeiit  trm 
the  reserve*  Oivon  that  oiroanstaaoes  oould  exist  where  the  algorithn 
would  be  indifferent  between  oenBittiag  nore  foroee  and  rsoonstitutiag 
a reserve,  the  latter  would  be  preferred  to  pereit  rehabilitation  and 
rest*  Finally,  if  taking  no  aotion  is  equivalent  to  any  other  *no  oost” 
deoisioB,  no  aotion  would  be  preferred*  This  ohoioe  logioally  pemits 
the  Blue  eonnaador  to  hold  the  ourrent  etatua  and  not  rearrange  foroee 
in  a nanner  that  la  future  periods  night  prove  inadviaable*  The  six 
additional  deoisions  pemit  Blue  to  bey  added  oi^ability  for  one 
oeotor*  That  oipability  nay  bo  ground  foroest  artillery  si^port,  or 
the  barrier*  The  barrier  initially  reproBonts  only  the  effeot  of  a 
fores  nultiplier  with  a nexinen  value  of  1*3»  This  additional  30 
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TABU  3.4 


COST 

MXT 

(0) 

1 

Tnaattr  0B*-third  o«abat  power  from  Meter  1 to 
Motor  2 

(0) 

2 

Transfer  one-third  eoaihst  power  fTon  Seetor  2 to 
Seotor  1 

(0) 

3 

Adi  one>half  of  reserve  to  Motor  1 

(0) 

4 

Add  one-half  of  reserve  to  Seetor  2 

(0) 

5 

Transfer  one*thlrd  of  Seetor  1 to  reserve 

(0) 

6 

Transfer  one-^hird  of  Meter  2 to  reserve 

(0) 

7 

Bo  nothin# 

(1) 

8 

Add  one  tank  eonpanjr  to  Seetor  1 

(1) 

9 

Add  one  tank  eonpanjr  to  Seotor  2 

(1) 

10 

Add  one  hattergr  artillery  support  to  Motor  1 

(1) 

11 

Add  one  hatteiy  artillery  support  to  Motor  2 

(1) 

12 

Add  Barrier  Multiplier  inerenent  (*05)  to  one  defense 
line  in  Seotor  1 (Max  1*3) 

(1) 

13 

Add  Barrier  Multiplier  inorenent  (*05)  to  one  defense 
line  in  Seotor  2 
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p«ro«nt  oan  b«  e»la«d  only  by  .05  laoroMntt  in  taoh  tin*  pariod  on  only 
on*  dofonso  lintt  Tho  nodal  la  ntrueturad  so  that  irtian  the  barrier 
axlata  Blua  attrita  with  tha  anhanoad  capability.  Blue  loecea,  however, 
ara  aaaaasad  only  againat  azlating  unita.  Tha  aa({ucncing  of  these 
daolaiona  waa  aalaotad  to  foroa  tha  eholoa  of  tha  barrier  should  the 
algoritha  ba  Indiffarant. 

Tha  ohoioa  of  a aathod  for  oeapatia^  attrition  in  BEAR  waa  a 

■ajor  problaa  baoattaa  of  tha  naeoasity  to  aatabliah  a ralationahip 

batwaon  tha  iafluaaoa  of  aana  and  tha  affaot  of  a oonbat  nniltipliar. 

*^a  VQARS  Votabook*  providao  a gaaaraliaad  thaoxy  of  attritim  baoad 

on  tha  aoalar  notiont^^ 

VR/n  m -(g  X ♦ d)  X (1) 

HB/Dt  - -(h  X + a)  X (2) 

whara  R la  tha  Rad  Foroa  rapraaantation 

B la  tha  Blua  Foroa  rapraaantation 
g la  an  affaotivanaaa  footer  for  Blua 
Forooa  agniaat  Rad  Foroaa 
h la  aa  offaotiraBaaa  factor  for  Rad 
Foroaa  acalaat  Blna  Foroaa 
N1,  H2t  II  and  12  ara  azpooonta  whoso 
Toluas  dataralna  • partloular 
attrition  theory 

Tha  paranatal’s  "d*  and  "a*  ara  oallad  anto  attrition  faotors*  Thair 
Talna  will  ba  assunad  to  ha  saro  and  an  suoh  thay  will  bs  dalatad  fron 
sul«a<(aant  disousaion  without  oonnant.  If  tha  valuaa  Niallal  and 
N2-V2i4  ara  ehoaan  for  aquations  (l)  and  (2)t  tha  raault  is  a statonant 
of  tha  Lanehostar  Squara  Law  for  attrition*  This  law  is  tha  nost 
widely  used  in  oonbat  nodaling)^  ao  it  proridaa  tha  bast  basis  for 
disousaion*  Tha  aoalar  ropraaantatlen  of  tha  Squara  Law  ist 


J0/R%  m 

(3) 

BB/Dt  • •XJi 

(4) 

wh«r«  Eg  and  Eg  h«v«  b«*n  tubatliutad  for  "f**  oad  *%"  in  otiuntioBt  (l) 
and  (2).  Dlvldinf  aquation  (3)  iqr  (4)  tka  raoult  iai 

8-^  (5) 

It  oould  than  bo  arguad  that|  tmdar  Squara  Laia  oooditionat  for  Blua  to 
fain  an  oquiralant  azohanca  (110)1^1 ) at  a apaoifio  point  in  tiaO|  ttaa 
ralatlva  affaotivanaaa  aait  ba  tha  raoiprooal  of  tha  ralativa  nasa« 
ntarafora,  if  Bltia  ia  otttnuabarad  3 to  1,  aaoh  Blua  noat  ba  thraa  tiaaa 
as  affaotiva  as  aaoh  Rad.  Xntuitivaly  thia  partioolar  raprasantatioa 
of  attrition  is  not  unappaalia^. 

Tha  artanaion  of  tha  Squara  Law  to  tha  diffarantial  oasa  aasataa 
aona  of  that  appaal.  In  darivativa  fom  aquations  (3)  and  (4)  baoonai 

dVdt  - -lgBO(t)  (6) 

dB/dt  - -lgBS(t)  (7) 

wfaara  0(t)  is  sons  funotiea  of  tina.  Biridinc  aquation  (6)  bgr  (7) 

s 

/ialdsi 

If  aquation  (8)  is  intacratadi 

<») 

On  this  basis  Blua  ean  aohiava  a proportionally  aqual  azohanca  ia  tha 

A 

lone  run  only  if  tf  Blua  is  outnunbarad  3 to  1 

at  tha  start,  aaoh  Blua  aust  ba  niaa  tiaas  as  affaotiva  as  aaoh  Rad  to 
aohiava  parity.  As  a rasult  avan  tboueh  Hus  oould  gain  a raasonabla 
azohanga  at  a spaolfio  tins,  iba  aaaaar  ia  lAioh  tha  foroas  daoay 
nagatas  that  affOot. 

In  CM  tha  attrition  aquations  ara  not  diraot  applioations  of 
tha  Squara  Law,  but  tha  oharaotaristios  ara  siailar.  Aftar  soaa 


68 

17 

Mnlpulatlon  th*  OBf  rapTMtaiailoo  f«*r  araor  Ioimb  could  b«  writtent 

im/m  - R ) (10) 

»/Dt  - B)  (11) 

«fh«r«  01  and  02  arc  eoabiaailciic  of  apporepriatc  cffcoilTcaccc  and 
vulaorablllty  paraMtcra*  To  coin  aeoM  incight  into  thcac  equations 
as  CUM  that  at  a apooifio  tiac  01«02«1  and  Blua  la  ontnuBbered  3 to  1* 


m m -S(1-*”V3)  , -r(,26i) 

(12) 

BB  - -B(l-e"^)  - -B(.950) 

(13) 

(14) 

Zn  this  aoalar  notion  It  would  appear  that  the  azehanfo  rata  would  bo 
■oat  faworablo  to  BluC|  alnoo  the  proportienal  oxohanfc  for  equal 
effeetlwenesa  la  near  one  even  though  Blue  la  outnuabered  3 to  1*  It 
is  obvieuaf  however,  trm  a oo^iarison  of  the  proportional  loaaea  that 
deeaar  lanedlatelj  favors  Red*  Flfure  3*4  shows  a aaaqple  foroe  deoay 
using  paranetor  values  that  aetually  oorreapond  to  these  used  la  cn» 
Thie  partioular  theo>7  has  even  leas  dspeadonoe  on  foroe  ratio  at 
a speoiflo  tlae  than  the  Lanehester  Squarelnw,  but  there  is  a sl0ilfl- 
oant  doBlaanoe  of  nass  over  tine. 

A possible  alternative  ■ethod  for  oaloulating  attrition  la  the 
i^lioation  of  the  (l<*p)^^  law*^^  This  law  nagr  bo  diaeuesed  by  flrat 
retuminc  to  the  ganoralised  aoalar  notion  of  attritlont 

m/Di  m (15) 

SB/Dt  • 

Zf  K2ijr2aa  and  NlijriiSHp  the  equations  beoonet 

1H0H  - (17) 

la/Dt  - (18) 


HED  UNITS 
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naan  3*4 
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Dividing  •quaiion  (17)  by  (l8)  ih»  r««alt  iat 

('« 

trtiloh  ia  not  dapandaai  oti  tha  valna  of  A traaafar  to  tha 

diffaraatial  oparatora  and  aubaaqoaat  iatacratioa  will  ylald  a function 
with  foroa  aiaaa  raiaad  to  tha  (l+p)  powar  which  aupporta  tha 
noaiaaolatura  of  tha  (l-t-p)^^  law* 

To  Indioata  tha  affaot  of  thia  partioular  approach  aaauffla 
valuaa  of  p«1  and  nv-*2*  Uhdar  thia  oirouaatanoa  aquation  (19)  haoofflaai 

g g 

Nt/VBm^  (20) 

which  la  tha  aaaa  aa  tha  aealar  poaitioa  aaaoelatad  with  tha  Square  Law* 
Thara  iai  howavar«  a fundaaantal  ohanta  in  tha  total  influanoa  of 
attrition*  ly  ^propriata  auhatitutioBo  aquationa  (17)  and  (l8)  ara 


nowt 


m/m  • -*-sr  (21 ) 


m/m  - -bJL  (22) 

Tha  ralua  of  "a"  haa  no  influanoa  on  tha  axehaa^  rata  but 

thara  ia  a aigaif leant  influanoa  on  tha  aaipituda  of  attrition*  In 
aaaaaoaf  "a"  ia  ooBtrollin«  tha  apaad  of  daeay  of  Rad  and  Blua  foroea 
which  would  ba  ooaaidarably  alowar  for  tha  apaolfio  Taluaa  of  "p"  aad 
■hi"  ohoaoa  ia  thia  axanpla* 


fw  BEAR  tha  attrition  aohana  with  p«1  aad  a^*2  waa  adopted 
thronih  a trial  and  arror  prooadura*  Tha  adoption  of  thia  partioular 
attrition  theory  for  BEAR  had  aoaw  diatiaot  advaatagaa*  Tha  numar- 
ioally  inferior  opponoat  ia  beat  aarvad  by  attaaptiag  to  inoraaaa  hia 
par  foi«a  unit  affaotivaaaaa  to  a laval  at  laaat  aquivalant  to  hia 
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proportional  maai  iniariorit/t  Naao  is  rowardod,  but  in  a muoIi  axpandod 
tlao  It  oould  than  ba  arguad  that  nasa  la  portrajrad  aa  laaa 

alffiifioaat  to  a aarlaa  of  battlaai  but  iatuitivaljr  ita  probabla  iapaot 
on  the  war  la  ratainad* 

The  next  problem  waa  to  examine  thla  particular  attrition  theory 
in  the  context  of  the  barrier  providing  the  function  of  a ooabat 
aultipliar*  Aooapting  the  faot  that  the  barrier  in  a ooabat  multiplier, 
one  nuat  addraan  the  quaation,  idiat  doaa  it  aultiplyT  Thera  are  three 
poaaible  iq>proaoheat 

(1)  The  aamber  of  Uuao  that  may  effect  attrition! 

(2)  The  effaotivenaen  of  aaoh  Bluai 

(3)  The  number  of  Bluaa  that  may  both  attrlt  and  ba  attrited. 
The  third  approach  ie  to  ohange  the  true  foroe  ratio  by  virtue  of  a 
combat  multiplier.  In  an  analytic  aenae  that  theory  cannot  ba  aooaptad. 
Given  a combat  multiplier  of  two,  one  weapon  would  aqual  two  weapona 
with  a combat  multiplier  of  one.  In  the  firat  case  loaa  of  one  wei^on 
would  result  in  oapability  eero.  In  the  aeoond  oaae  the  leas  of  one 
weapon  only  halvea  the  oi^ability.  Logioally  the  two  oonditiona  are 
not  equivalent.  For  thia  reason  it  was  determined  that  the  ooabat 
multiplier  should  not  affect  the  true  foroe  ratio.  Analysis  of  the 
other  two  approaches  provided  some  interesting  results.  Figure  3*5 
shows  foroe  decays  for  a atarting  foroe  ratio  of  3i1  with  no  replace* 
ment  using  the  attrition  eequenoe  in  BEAR.  The  results  indicate  that 
the  greater  impact  of  the  ooabat  multiplier  would  be  in  altering  the 
per  unit  effeotivenees. 

If  the  Lanohester  theory  is  examined  this  phenomenon  is  not 
true.  Recalling  the  basio  Lanohester  attrition  equatlonsi 
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(1) 

SO/tot  - 1^  (2) 

Th«M  •qiwtloM  iadlMtc  that  attritloa  in  th«  Lanohastar  thaaxy  la 
indapandant  of  tba  aiM  faroa  halnf  attritad*  It  wauld,  tharaferat 
■aka  BO  diffaranea  lAathar  tha  aoahat  anltipliar  waa  appliad  as 

■ 1.3  X Kg  or  B*  - 1.3  X B.  As  praaieawljr  discttsaad  tha  faroa  daoagr 
ustBf  tha  Lanohaatar  Sqoara  Law  will  follow  tha  saaa  path  for  tha  basa 
caaa  (ourva  I la  Flfura  3*3)  as  ia  tha  aathod  salaotad  for  BIAIt  odlj 
ia  uslaf  tha  squara  law  tha  spaad  of  daoay  will  ha  graatar.  Uslag  tha 
coabat  aaltipliar  ia  tha  Laaohaatar  foraalatlon  tha  daosy  will  follow 
ourva  II  in  Ficura  3*5  rofardlasa  of  whathar  tha  oochat  aultipllar  is 
vlawad  as  ■oltiplsriag  tha  affaotiTaaaaa  of  aaoh  Bltia  or  aultipljrlac 
tha  aaabar  of  Blaaa  affaotiag  attritioi.  Iha  attritioa  aathod  adopt  ad 
for  BEAR  is  a Laaohaatar  tppa  ftoanlatloa  of  ooahat  whioh  doas  aet 
ohaaga  tha  ralatiaaship  of  attrition  and  oaaiparativa  affactiToaass  at 
a spaoifio  point  in  tiaa.  At  tha  saaa  tisM  a ooahat  aaltipliar  affaot 
can  ha  appliad  whioh  will  produoa  a simi^ioaBt  iapaot  on  ontooaa  with- 
out diatortiag  tba  fact  that  a 3t1  foroa  ratio  aaons  that  ona  sida 
haa  300  tanks  and  tha  othar  100. 

To  this  point  in  tba  diaoossion  no  affort  has  haan  diraotad  to 
distinguiahlng  hatwaan  transitioa  prohahilitias  and  holding 
probabilltiaa.  Tha  traasition  prebabilitjr  is  aaraljr  tha  probability 
that  Blua  rataina  a apaoifio  angagaaaat  point  at  tha  ourraat  foroa 
ratio  valua  daralopad  fToa  tha  typa  fbaotlon  displayad  ia  Pigura  3.1. 
The  holding  probability  is  tha  probability  that  Blua  rataina  a 
epacific  engagamant  point  givan  tha  probabilltiaa  that  Blua  still 
occupiaa  aagagwaant  points  forward  of  that  point.  Tharaforot  in  a 
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preblM  with  on*  d«f«ns«  line  th«  holdla^  probability  aquala  tho 
traaaltion  probability.  Tho  holding  probability  oonoopt  will  bo 
furthor  dotailod  lator  in  thia  ehaptor. 

Two  najor  probloao  woro  oneountorod  in  adjuotin^  tho  tranaition 
probability  oonoopt  for  BEAR.  Tho  firot  problon  waa  dotonoining  an 
aeooptablo  function  to  roproaont  tho  rolationobip  of  tranaition 
probability  to  foroo  ratio.  In  masa  orlontod  tools  auoh  aa  CEX  a 
lo<deixp  tablo  waa  providod  who:*o  tho  oonbination  of  foreo  ratio  and 
typo  onfafonont  (attadk  of  proparod  pooition,  moting  ongagomont,  oto.) 
indieatoa  a diatanoo  tho  RBA  will  novo  aa  a roault  of  oaoh 

iq 

ongagonont.  A rolativoly  inaifftifioant  difforoneo  in  foroo  botwoon 

two  oppononta  will  oauao  tho  nCBA  to  aivanoo  in  favor  of  tho  largor 

foroo*  Intuitlvoly  thia  altoration  in  RBA  location  haa  boon  aasooiated 

with  tho  eondition  of  *Vin>loao."  Tho  baaie  foundation  for  tho 

oviontation  to  naaa  in  dotomining  tho  *hrln>loao*'  outooao  of  combat  ia 

found  ia  tho  Lanohoator  thoory  of  oonbati  which  poatulataa  tho  conatant 

offootlvanoaa  of  individual  ooabat  olanonta  as  provloualy  discussed. 

Mfuro  3*6  dononatratos  how  tho  Lanohoator  typo  theory  would  predict 

tlM  outooaw  of  oonbat  baood  on  foroo  ratioa*  Tho  figure  also  Indioatos 

that  the  Lanohoator  typo  prodiotion  appoara  unaatlafaotoiy  idion  ooaiparod 

with  tho  actual  outooaioa  of  a aiipaifioant  nanbor  of  biotorioal 
20 

battloa*  Tho  third  ourvo  ia  a ocn^roniao  poaition  idiioh  was  used  as 
the  base  funotion  to  define  tho  relationship  of  foroo  ratio  and 
transition  probability  in  BEAR*  The  aspect  of  "win-loao"  is  directly 
transforablo  to  tho  oonoopt  of  a transition  probability  idiloh  defines 
the  Blue  foroo*a  oi^bility  to  retain  terrain— a 'hda*'  oondition.  In 
toms  of  values  the  oonproniso  position  retains  sons  aspect  of  tho 
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inportano*  of  poatulatod  by  Lanohaatar  and,  at  tha  aana  tlma,  moven 
oloaar  to  tha  raallty  of  tha  hlatorioal  data* 

Tha  aaoand  Major  problam  aaoountarad  in  adjuatlng  tha  tranaition 
probability  oonoapt  was  tha  iapaot  of  tarrain.  Sinoa  VOATES  won 
dasi^Md  for  highar  aohiilon  ooasldaratioos  tarrain  was  not  playad.  At 
diviaion  laval,  tarrain  baoonaa  vary  laportant  and  tha  loi;loal  plaoa 
for  it  to  iapaot  ia  tha  ooabat  outooaa*  la  CIM  tha  *hfia"  eondition 
is  aasooiatsd  with  fXBA  aovaaant,  and  tha  barrlar  iapaots  by  dalayiniT* 

Zn  an  attaok  against  hasty  dafansas  with  a 3M  ratio  tha  fEBA  aovaaant 
ratas  would  ba  3*1f  2*7  and  1*1  kiloaatars  par  hour  for  tarrain  A,  B, 
and  C raapaotivaly*  A two  hour  dalay  would  "buy"  tha  dafandars  *52, 

•45f  and  *18  kiloaatars  lass  advanoa  by  tha  attaokars*  If  thosa  valuas 
ara  nomaliaad  baaad  on  typa  C tarrain  tha  rasulting  valuas  would  ba 
2*6,  2*5  and  1.  nraa  it  would  appaar  that  tha  barrlar  has  oonaiderably 
graatar  valua  in  A tarrain*  tha  hlatorioal  rasaareh  supporting  this 
tbasis  indioatad  that  tha  barrlar  tands  to  hava  tha  saaa  valua, 
tdiatavor  that  nay  ba,  ragardlass  of  whara  you  put  it*  In  thin  azanpla 
tha  dalay  ia  two  hours*  If  tha  dafandar  oan  aoooaplish  a usaful  pux^ 
posa  with  two  additional  hours  than  that  valua  aooruas  to  bin 
indapandant  of  tha  tarrain*  Ona  logloal  argunant  is  that  tarrain 
dataminas  tha  oost  of  aohiavlng  tha  barrlar  fttnotien*  In  A tarrain 
tha  oost  will  ba  eonsidarably  highor  baoausa  thara  in  littla 
obstruotion  to  tha  nobility  of  vahlolasi  hanoa  aora  artifioial 
obstaolas  ara  raquirad*  In  C tarrain  lass  affort  will  ba  raquirad  to 
aehlava  tha  sans  porpoaa*  Tha  barrlar  is  than  aora  valuabla  to  tha 
OMBianilar  ia  0 tarrain  baoausa  it  oosts  lass  to  aohiava  tha  offaot* 

Tha  ebjaotiva  than  is  to  sank  a raprasantation  of  tarrain  idiieh 
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rcfltott  th«  value  of  tarrain  in  the  ftnaral  eoatet  outooM  aad 
rapraaaatlac  the  barriar  la  iaraa  of  tha  eoat  of  aohiovlac  ^hat 
iafluaaoa* 

Tha  taobalqoa  Mlaotad  for  MAI  la  ahowi  la  9igar9  3*7* 

Tarrala  la  oataforliad  la  Ihraa  olasaas  alallar  to  tha  elasaifloatlon 
uaad  la  COI  ahloh  waa  dlaouaaad  in  Chapter  !•  Baay  tarrala  la 
rapraaaatad  hy  tha  baalo  fhaotloa  developed  free  a ooaiproailaa  of  tha 
Laaohaatar  pradlotloaa  aad  hlatorleal  data*  The  rapraaaatatloaa  for 
tha  other  olaaaaa  of  tarrala  (aodarata  aad  dlffloolt)  oaa  ha  aopportad 
only  hy  tha  jnd#wat  of  the  aaalyat  baaed  ea  tha  faaaral  laalghta 
davalopad  tram  tha  hlatorleal  raaaaiwh  which  anpportad  Chapter  XX* 
latultlvalyy  tha  laaadlata  hypotbaala  for  adoption  weald  be  that  If 
tarrala  la  nora  dlffloolt  tha  attaekla^  foroa  anat  be  larger  to  aohlava 
the  aana  level  of  aoooaaa*  Iha  oorvaa  la  Fltnra  3*7  raflaot  that 
rather  appaallag  notion  la  partf  hot  oonaldar  tarrala  la  a boreadar 
aaaaa.  Tha  advantage  of  tha  prapoadaraat  force  la  aaoy  tarrala  goaa 
beyond  tha  alapla  ^lleatlon  of  naaa*  Nhara  naaaavar  la  pamlaalva 
the  larger  foroa  oaa  fix  alaaanta  of  tha  oMllar  foroa  and  aaa  tha 
additional  foroaa  to  aohlava  a dafandar  loaa  by  aananvarlay*  Aa  tha 
terrain  iaoraaoaa  In  dlffloulty  tha  advantage  of  naaaovar  daoraaaaa 
ond  the  foroa  ai^rlorlty  baconaa  nora  pronlaant  for  aagaganant 
purpoaaa*  In  MAIf  tharaforOf  tha  oloaar  tha  relative  foroa  alaaa 
nova  to  parity  tha  greater  the  advantage  of  tarrain  to  tha  dafandar* 

Aa  the  attacker  Iaoraaoaa  la  relative  alia  tha  advaatage  of  terrain 
for  tha  dafandar  daoraaaaa  until  at  aona  point  tha  force  laval 
oonplataly  donln^tai*  Tha  foot  that  6t1  waa  ohoaaa  for  thla  partis 
ular  oaalyala  Ic  dafaaalbla  only  la  tha  aaaaa  that  ao  hatter  value  waa 
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available.  Obviouslyi  in  aaploTlnc  this  taehniqiM  over  tiae  luajr  foroe 
ratio  to  transition  probability  dietributions  oould  be  studied. 

This  technique  for  rspdressntlnc  terrain  has  the  lapaot  of 
nakiniT  the  attaeksr's  job  noro  difficult  as  the  Masovor  dlfflooltjr 
increases.  Within  the  nodel  the  barrier  iapaots  bgr  alteriny  attritloni 
and  attrition  is  Independent  of  terrain.  The  level  of  attrition  dooS| 
however,  influenoe  the  'hrln"  ooodition  indirectly.  If  Red  attrition 
is  ereater  when  the  barrier  is  eaployed,  the  next  snispsient  will  ooour 
at  a force  ratio  more  favorable  to  Blue.  As  seen  in  Flcure  3*7  the 
slope  of  the  ourve,  idiioh  represents  the  relationship  of  foroe  ratio 
to  trensitien  probabiiity,  laereosee  as  the  terrain  beooaes  nore 
difficult*  As  d tosnlt  redneiny  the  Rod  si^riority  in  type  C terrain 
will  rsihat  iM  0 ipoater  insmnss  in  trensitien  probability  th«i  an 
equivalent  reduetien  la  type  A terrain.  The  oonparativs  slopes  oaa 
then  be  viewed  as  a oonpnrinon  of  the  relative  value  of  plaoiay  the 
barrier  in  a dtven  type  terrain.  That  relationship  nomalised  on 
type  a terrain  is  .613,  *797.  and  1.0  for  terrain  types  A,  B,  and 
C respectively.  A unit  foroe  ratio  reduction  in  type  A terrain  will 
be  worth  about  6l  percent  of  a similar  reduotlon  in  C terrain.  With 
this  method  placing  a barrier  in  C terrain  whloh  will  logioally  oost 
less  is  made  nore  attractive  by  a representative  influence  on  the 
combat  outoooM. 

An  additional  requiresMnt  to  enable  oonputation  of  foroe  ratio 
and  attrition  was  to  determine  values  for  relative  weapon  affeotiveness 
(E^  and  in  the  attrition  equations)  and  relative  weight  of  the 
various  types  of  firepower.  Relative  weapon  effeotivaness  is  normally 
represented  by  one  of  two  alternative  methods.  The  first  method  is  to 
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utlllz*  a firapoMr  pottntlal  or  •ooro  to  ropmant  a particular 

voapon.  This  altamativa  providaa  a ainirlo  value  for  each  weapon  the 

lu^itude  of  whleh  lapllee  its  relative  effeotlveneee  a^alnet  the  score 

of  the  opponent's  weapons*  The  obvious  disadvantage  of  such  a system 

is  the  Inability  to  oontrol  the  resolution  of  certain  flrsp-target 

relationships*  As  an  exanplst  the  tank  and  artillery  piece  would  have 

relatively  hi§h  firepower  soores*  Tet,  the  tank  seldoa,  if  ever, 

eneafe*  artillery  and  artillery  ia  relatively  ineffective  against  tanks* 

The  second  alternative  ia  to  input  effSotiveneoa  natrloes  idiioh  provide 

an  index  for  eaoh  firer-target  relationship*  This  aethod  was  adopted 

for  engagenent  sequences  ia  BEAR  with  the  values  wfaloh  were  used  shown 
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ia  tables  below.  The  values  were  taken  fTon  a paper  entitled  "A 
Theory  of  Ideal  Linear  Waii^ts  for  Heterogeneous  Conbat  Foroes*"  by 
David  R*  Howes  and  Bobert  N*  Thrall*  The  purpose  of  the  paper  was  to 
disouss  the  aethod  and  its  iapaot*  The  effeotiveaess  values  were  not 
defended  as  being  valid  ia  that  papery  nor  will  they  be  defended  here* 

It  is  auffioient  to  Indieate  that  they  are  based  on  a detailed  ooabat 
siaulatioa  and  are  representative  of.  the  type  input  that  would  be  used 
in  elassified  analyses*  The  actual  values  shown  ia  the  tables  nust  be 
adjusted  (z  10~^)  for  use  in  the  SAl  attrition  equations* 

TABLE  3*5 

MJOB  ufm;Tiwia5  Tx  loT^I 

Blue  Firepower  Types  (Firer) 


I 

11 

III 

IT 

V 

Bad 

X 

.0034 

.6485 

.1170 

0 

10.8950 

Firepower 

11 

.0145 

1.1145 

.0556 

1.9150 

*0588 

*Fp#s 

in 

.0026 

1*5000 

.0940 

2.8300 

*0610 

(Target) 

If 

.0004 

.0369 

.0045 

.i860 

*1380 

r 

0 

0 

0 

.0970 

.1193 

9mm 
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TABLE  3.6 


BP  PWCTlVEWiSS  fx  10"^1 

Had  rirapoNtr  Tjrpat  (nvar) 


I 

II 

III 

IT 

T 

Blue 

I 

.0145 

.2750 

.0510 

0 

13.5800 

FirepoMr 

II 

.0115 

.3470 

.0319 

.5070 

.0880 

Types 

III 

.0012 

.3410 

.0326 

.1370 

.1160 

(Target) 

IT 

.0004 

.0378 

.0012 

.0137 

.0785 

T 

0 

.0129 

.0024 

0 

.0690 

Th*  ralailY*  Might!  of  th«  various  typai  of  firopoMor  aro 

rociuirod  to  proporly  dofino  tho  oontrihution  of  woapoD  typos  to  ths 

foroo  ratio.  SitMs  BEAR  roprssonts  firspoMr  typos  %gr  Mapoa  eouatf 

a tranafonatioa  la  rogsirod  to  aaiatala  tho  truo  porapoetivo  of  oao 

rlfltoan  voraua  ono  tank.  Iho  Mights  mto  also  adaptod  fPoa  tho  Honss 
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and  nirall  papor  and  ara  displayed  in  tho  table  below.  Those  weights 
aro  appropriate  booausa  they  aro  derived  trim  the  output  whieh  deter* 
ulnad  the  affaetlvonaas  Indleos.  The  wel^ts  for  Blue  and  Rod  say 
differ  for  a given  firepower  type  based  ou  dlffOreut  wsapoo 
oharaoteriaties  or  daployaaat  doetriae. 


Pirepowor 

Typw 


TABLE  3.7 


Blue 

Waiaht 

Red 

Waiaht 

I 

(Light  weapons) 

.00082 

.00052 

II 

(Tanks) 

.40000 

.33515 

III 

(Light  Amor) 

.00443 

.00198 

IT 

(Anti  Tank) 

.42710 

.48015 

V 

(Artillery  and  Kortars) 

.16765 

.18221 

BIAH  poBseasaa  the  oi^Mbility  for  two  output  aaqtuenoes.  In 
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both  initanooa  tha  prograa  la  daaii^td  to  aalaot  varloua  oaaaa 
deeignatad  by  raaouroa  lavala*  The  firat  routlna  exaaineB  aaoh  of  the 
daily  output  raporto  trhioh  ware  atorad  during  execution  of  tha 
algorithm.  The  objaetlva  function  valuea  on  tha  final  day  of  battle  at 
tha  maxinnim  raaouroa  laral  for  aaoh  of  tha  aalaotad  oaaaa  ia  ratumad 
to  tha  progran.  Tha  Blue  daeiaiona  for  that  raaouroa  level  for  ovary 
day  of  battle  are  alao  ratumad  to  tha  prograa.  The  output  aaquanoa 
than  diaplayai  for  aaoh  oaaa  tha  final  ftMotional  value,  tha  aalaotad 
daolaion  by  period,  tha  total  nuabar  of  tlaaa  aaoh  daoiaion  waa 
aalaotad,  and  tha  alaok  raaouroaa  available  at  tha  tamination  of  tha 
battle. 

Tha  aaoond  output  aaquanoa  takaa  tha  daoiaion  liat  produced  ia 
tha  firat  aaquanoa  for  aaoh  raaouroa  level  and  dataminiatioally 
raoonatruota  all  parioda  of  tha  battle  raatriotiag  tha  Blue  ooamaadar  , 
to  that  partloular  raaouroa  level*  Tha  outputa  are  by  ;p«riod  valuaa 
of  tha  funotional,  holding  probabilitiaa  by  line,  and  lad  and  Blue 
atrangtha  by  firapowar  type.  Tha  prograa  oodiag  and  a aanpla  output 
are  inoludad  aa  dppandix  A to  thia  tbaaia* 

Tha  aoopa  of  tha  aodal  nay  ba  briafly  aunnarlMd  by  akatohing 
tha  ralationahip  of  tha  Blue  oo— idar*a  daoiaion  apaoa  and  tha 
objaotiva  fhaotion  uaad  to  aalaot  tha  baat  daoiaion.  After  tha  Rad 
forea  laval  ia  aaoh  aaotor  ia  datamiaad,  tha  Bltia  foroa  level  ia 
dataminad  baaed  on  dalationa  or  additiona  of  foroaa  that  the  currant 
daoiaion  raquiraa.  Tha  algorithn  than  oonputaa  tha  attrition  for  Rad 
and  Blue  and  oaloulataa  tha  foroa  ratio  (9I0T)  for  aaoh  aaotor  and 
dofanaa  line  uaing  tha  aurviving  foroaa*  Doing  thaoa  foroa  ratioa  a 
transition  probability  (T)  ia  oaloulatad  for  aaoh  dafanaa  lino  in  aaoh 
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Btotor  (■••  Plgur*  3*7)«  Th«  holding  probability  for  th* 

fir«t  d«f«n«o  lino  in  a sootor  lo  oalculatod  by  aultlplylnt  tha 
tranoltlon  probability  by  tha  valua  of  tha  hollinf  probability  (Q0U>^) 
in  tha  last  parlod. 

QpnCW^  - X QOLD^ 

This  basio  prooadura  appllas  to  tha  othar  dafanaa  linos  with 
ona  axoaptloa.  Tha  holding  probability  for  subsaciuant  dafanss  linos 
Bust  aooount  for  tha  possibility  that  Blua  holds  forward  of  that  lino* 
Tha  oonputation  of  tha  holding  probability  for  Ssfansa  Lina  2 wowld  bat 

* ^“2^ 

Tha  oaloulatlen  (l*  - T^)  1a  tha  probability  that  Bafansa  Lins  1 is 
lost  in  this  parlod*  Tha  probability  that  tha  battla  novas  trtm 
Dafanaa  Lina  1 to  Dafanaa  Lina  2 In  this  parlod  is  tha  prodaot  of 
losing  Dafanaa  Lina  1 in  this  parlod  and  tha  probability  that  Dafaasa 
Lina  1 was  hold  at  tha  bagtaning  of  this  parlod*  Tha  holding 
probability  for  Dafanaa  Lina  2 is  than  tha  sun  of  tha  probability  of 
tha  battla  gattlng  to  Dafanaa  Lina  2 and  tha  probability  that  It  oan 
bo  hold  (T^  X QOLD2)  if  tha  battla  Is  thara*  Slnllarly  tha  bolding 
probability  for  Dafanaa  Lina  3 would  bai 

QNW3  - [(1*  - Tg)  X QOLDg]  + [T3  X QOLL3] 

Aftor  the  holding  probability  Is  oaloulatad  for  aaoh  dafanaa 
lino  a tost  valua  for  tha  functional  Is  oaloulatad  for  aaoh  aaotor* 

The  tost  valua  is  tha  sun  of  tha  dafanse  llna  bolding  probabllltias 
Bultlpllad  by  tha  dafanaa  llna  wal^ting  factor  (DUST)* 

®®»aaotor  " SA  * “®*i 

Tha  nlnlmun  saotor  TEST  valua  Is  obosan  as  tha  SMasura  of  parforsHUioa 
for  this  particular  Blua  daolalon*  This  nlninan  TEST  valua  Is  than 
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oonpartd  to  tho  funotional  v&lu«  (f)  for  tho  last  sslsetsd  dsolslon* 

If  ths  valus  of  TEST  is  larf!«r  than  ths  functional  value  (TE)ST  F),  the 
deoision  ourrsntly  being  considered  is  better  than  the  previously 
■eleoted  deoision  because  the  sun  of  the  holding  probabilities  io 
greater*  Blue  is*  therefore,  sere  likely  to  hold  in  the  weakest 
sector*  la  this  ease  the  ourrent  Blue  deoision  is  saved  and  F is  set 
equal  to  TEST*  The  alforithn  than  oeaslders  the  next  Blue  deoision* 
After  all  Blue  deoisions  have  been  oonsidered  the  value  of  the 
fhaotional  represents  the  saxisun  probability  of  holding  in  the 
weakest  ssotor  oensidsriag  the  priorities  assiffted  to  ths  various 
defease  lines*  The  deoision  idiioh  dstexviined  this  outoone  is  saved 
for  later  referenoe* 

The  aodel  oaa  obviously  be  subjsoted  to  the  question  of 
validity*  There  are  several  inpedlaents  to  answering  that  question  in 
the  affimativs*  In  general  the  teohaiqus  deviates  from  the  aooepted 
sethods  for  wargsniag  division  level  or  hi^sr  oonfllot*  Thus  there  is 
no  my  to  oonpare  the  output  results  to  establish  siailarity* 
Spsoifioally  aost  of  tbs  ooaponeat  aapsots  of  ths  gene  start  with 
oonospts  which  have  been  widely  aoosptsd  in  the  caalng  ocaauaity*  The 
rationale  for  aodifyiag  those  oonespts  haa  been  detailed  in  this 
ohapter*  This  ohm>tsr  also  establishes  the  faot  that  sone  aoMrloal 
data  used  in  the  aodel  oannot  bo  validated*  The  data  were  seleoted, 
however,  to  be  representative  in  both  aa^ituds  and  fona  to  data 
aetually  used  in  existing  oeabat  siaulations*  The  iaportant  aspeot  of 
validity  is  tbs  intended  use  of  ths  aodel*  The  intent  is  to  study  and 
analyse  a range  of  phanoasna;  not  establish  a quantitative  valus  whioh 
oaa  be  defended  in  support  of  a speoifio  force  atruoture  deoision*  On 


85 


tlut  basis  this  ohaptsr  ahould  provida  suffloisnt  supportiof  lofio 
to  validate  ths  srodal  as  a usaAil  tool  for  its  iataadod  purpoaa« 


/ 

/ 
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CHAPm  TV 


RESULTS 

Tht  Barrier  Kffeotlvenesr  AnalTils  Revision  (BEAR)  prototype 

nodel  recpiiree  betmen  800  and  360  seooBde  of  central  prooessing  tine 

to  oondttot  13  daors  of  battle  with  a Mziaua  of  16  resouroe  levels*  As 

day*  of  battle  and  resouroe  levels  inorease*  run  tine  is  not  additive. 

A oeatral  prooessiniT  'tiM  of  2400  seecnds  is  insufficient  to  omduet  a 

30  day  battle  with  31  resouroe  levels.  Under  those  eirouastanoes,  it 

was  detemined  that  utilisation  of  the  model  to  support  this  thesis 

would  be  based  on  a selection  of  a 15  day  battle  with  16  resource 

levels*  That  deoislon  permits  ezanination  of  a multiple  number  of 

oases  without  being  subject  to  lengthy  computer  program  turn  around 

tine*  The  multiplicity  of  cases  was  produced  by  alterations  in  five 

basic  parameter  oategories: 

A*  Replaoesiont  Rates 
B.  Wel^t  of  Defense  Lines 
C*  Data  Inpats~Poroe  Levels  and  Terrain 
D.  Speed  of  Erecting  Barrier 
S*  Sise  of  Alternative  Blue  Belnforoeawt— Tank 
Companies  and  Artillery 

Despite  the  selection  of  an  attrition  routine  desisted  to  slow 
the  speed  of  force  decay*  the  nodel  is  sensitive  to  replacement  rates. 
This  phenomenon  is  oompounded  by  the  preponderance  of  oontribution  of 
tank  and  anti-tank  weapons  to  the  weighted  force  ratio*  These  two 
weapon  types  aooount  for  81*3  percent  of  the  total  Red  oontribution  and 
82*7  percent  of  the  total  Blue  oontribution.  At  the  same  time  the 
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actual  nufflbar  of  auoh  woa|iona  will  comparatlvtly  low<  la  auoh  a 
case  proportional  1oo8«b  ar«  hi^er.  The  three  options  whloh  were 
ohosen  for  replaoeaent  rate  (a)  are  shown  in  Table  4*1*  nodal  has 
the  oapablllty  to  accept  different  replaoenent  rates  for  Red  and  Bluet 
but  that  capability  was  not  exercised  in  any  of  the  eases  that  will  be 
included  in  subsequent  discussion*  The  terms  high,  mid,  and  low  whioh 
have  been  applied  to  the  different  rates  are  expressive  only  of  their 
relative  relationships*  Suoh  rates  were  not  oompared  to  any  existing 
standard. 

TABLE  4*1 

A.  REPLAOIXEIIT  RATES  (PER  BAY) 


Firepower  l^rpes 

I 

II 

III 

IV 

V 

Option  1 - Hifji 

50* 

5. 

10* 

10. 

5. 

Option  2 - Mid 

25. 

2* 

4» 

4* 

1. 

Option  3 - Lew 

10* 

2* 

2* 

2. 

0*5 

The  selected  options  for  the  second  category  of  parameters, 

defense  line  wel^ts  (b)  ore  displayed  in  Table  4*2*  The  values  shown 

in  the  Table  are  those  assigned  to  the  BIST  matrix  which  provides  a 

weighting  to  the  holding  probabilities  in  the  objective  function 
l^jLines 

F Q(Seotor,i)  x BIST  (i).  The  magnitude  of  the  values  o^iosen 

has  no  particular  sigpilficanoe  other  than  providing  a general  rank 
ordering  of  defense  lines.  Option  1 provides  values  fi*ont  to  rear 
weighting  the  lines  to  indicate  that  it  is  most  desirable  to  bold  os 
far  forward  as  possible.  The  third  option  is  a complete  reversal  of 
outlook  implying  that  it  is  most  important  to  hold  the  final  defense 
line.  Option  2 describee  the  indifference  position  by  equally 
weighting  all  six  defense  lines* 
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TABLX  4*2 

B.  DmVSE  LIIS  UEiaHTS 

(rasT) 

Befena*  Lines 


2 

A 

6 

Option  1 

1*0 

.95 

.90 

.85 

*80 

.75 

Option  2 

1.0 

1.0 

1*0 

1*0 

1*0 

1*0 

Option  3 

.75 

.80 

.85 

.90 

.95 

1.0 

The  data  inputs  to  the  model  provide  the  third  oategory  (c) 
of  parameter*  The  force  levels,  eector  assl^inent  and  terrain  values 
are  detemined  tfon  the  input  file*  The  basio  scenario  selected  for 
this  thesis  was  a standard  U*S*  Amor  Division  versus  an  agressor 
Conhined  Ama  Angr  (CAA)*  The  CAA  is  oonposed  of  two  sotorlsed  rifle 
divisions,  one  tank  division,  an  anti-tank  regiisent  and  a mixed  artil- 
lery brigade*  The  basio  disposition  for  this  aoenario  is  shown  in 
Figure  4*1*  Initially  the  two  sectors  are  balanced  with  each  Blue 
brigade  facing  a motorised  rifle  division  reinforoed  with  additional 
artillery  and  anti-tank  weapons*  The  Red  decision  prooess  is 
obstructed  such  that  even  thou^  the  tank  division  is  designated 
as  a reserve,  elesients  oan  be  iosediately  eaQ>loysd*  This  scenario 
with  defense  lines  (one  throu{^  six)  desigiated  as  A,  B,  C,  A,  B,  C 
terrain  respectively  obstltutee  the  first  data  option*  The  second 
option  alters  the  soenario  by  deleting  the  tank  division*  It  is 
aasuned  for  this  soenario  that  the  tank  division  will  be  committed 
after  Df13*  The  defender  has  a smaller  reserve  and  wsiehtn  his 
defense  to  Sector  2*  Initial  force  dispositions  are  as  shown  in 
Figure  4*2*  The  terrain  assi^uaents  for  this  option  are  the  same  as 
for  Option  1*  The  other  two  data  options  use  the  basio  scenario  fi>om 


93 


Option  1 emd  altar  the  terrain  aael^unent*  Option  3 usee  all  A type 
terrain  and  Option  4 all  C type  terrain.  The  fifth  option  woe  actually 
provided  by  on  Internal  program  adjuetment  whloh  prevented  commitment 
of  the  tank  dlvlalon  until  D^.  Theae  optione  are  eummarlsed  In 
Table  4*3. 


TABLE  4.3 


C.  DATA 

INPUTS 

FORCES 

100) 

BLUl 

Option  1 

CAA 

(1)  Balanced  Initial 
Dispositions 

(2)  Tank  Division 
Reserve 

ARMOR  DIV 

(1)  Balanced 

Defense 

(2)  2 Amor  Bb» 
1 Neoh  Bn 

Reserve 

A,B,C,A,B,C 

Option  2 

CAA 

(1)  Minus  Tank 
Division 

(2)  2 Med.  Tank  Regt, 
1 Mtrzd  Regt 
Reserve 

ARMOR  DIV 

(1)  Defense 
Weighted  to 
Sector  2 

(2)  1 Amor 

1 Neoh  Bn 
Reserve 

Option  3 

CAA 

(Same  as  Option  l) 

ARMOR  DIV 

A|A|A|A|A|A 

Option  4 

CAA 

(Sane  as  Option  l) 

ARMOR  DIV 

C|C|C|C|C|C 

Option  3 

CAA  ABIOR  DIV 

(Same  as  Option  1,  except  Tank 

A|B|C|A|B|C 

Division  held  until  Df8) 

The  fourth  oategory  of  parameter  (d)  was  the  speed  at  whioh 
the  barrier  function  oould  be  added  to  a given  defense  line.  BEAR  was 
deoiled  arbitrarily  such  that  .0^  of  an  Increment  could  be  added  to 
the  combat  multiplier  (initial  value  is  1.)  in  one  sector  when  the 
barrier  was  employed.  7%e  maximum  oombat  multiplier  for  the  barrier 
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wu  unuMd  to  b«  1.3*  Thus  it  would  roquiro  six  days  to  complote  the 
barrisr  for  one  defense  line  in  one  sector.  This  desi^  routine  was 
considered  Option  1 for  the  barrier  function.  The  second  option  waa 
based  on  increasing  the  daily  increment  to  .13*  This  change  permitted 
the  completion  of  the  barrier  on  one  defense  line  in  two  days  instead 
of  six.  These  were  the  only  two  options  played  in  the  selected  oases. 
The  magnitude  of  firepower  tdiich  could  be  purchased  as  an  alternative 
to  the  barrier  flmotion  was  the  fifth  parameter  category  (e).  The 
■elected  options  are  shown  in  Table  4*4*  These  particular  options  were 
chosen  in  an  attempt  to  provide  successively  more  attractive 
altenatives  to  the  barrier  function* 

TABLE  4*4 

ALTERNATIVES  TO  BARRIER 

Option  1 1 Tank  Company  or  1 Artillery  Battery 

Cation  2 2 Tank  Companies  or  2 Artillery  Batteries 

Option  3 3 Tank  Companies  or  3 Artillery  Batteries 

/ 

J 

Thirteen  oases  have  been  selected  for  disoussion.  The  partioular 
options  eeleoted  for  each  case  are  displayed  in  Table  4»5*  tms 
resource  levels  (0,4f8|12)  have  bean  selected  for  disoussion  for  each 
of  the  Individual  oases*  The  Blue  deolsions  selected  for  each  oeise  at 
each  rosouroe  level  are  displayed  in  Tables  4*6  to  4*9*  Table  4*^ 
also  shows  the  Bf13  functional  value*  A major  sbortocmlng  of  the 
tables  is  the  timing  of  a partioular  decision*  As  appropriate » this 
information  will  be  provided  in  the  disoussion* 

The  first  three  oases  orient  on  the  hi^  replacement  rate 
option*  Cases  I and  II  both  use  the  firont  to  rear  decreasing  weif^t 
for  the  defense  linesi  and  Case  III  weif^ts  all  defense  lines  as  1* 


PARAME?EH  CPTIOKS  POH  CASE  RUNS 


TABLE  4*6 

BLUE  DEEISIQN  3ELBCTIWIS 
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All  thr«*  oastB  u*«  tha  nonial  barriar  flmotion  and  ttaa  laaat  attractive 
resource  coat  altamatlvea  to  the  barrier*  The  values  of  the  functional 
indicate  that  the  salaotad  replaoemant  rate  is  hi^ly  favorable  to  Blue. 
The  funotional  value  for  Casa  II  in  higher  than  Caae  I beoeune  Cone  II 
usaa  the  scenario  which  does  not  employ  the  aggressor  tank  diviaion. 

Both  oasea  generate  aiffiifioant  alack  raoouroao  beoauoe  the  replacement 
rata  is  so  favorable  to  Blue  that  the  additional  combat  power  does  not 
provide  an  attractive  alternative*  Slack  resourcee  are  not  generated 
in  Case  III*  The  equal  weighting  of  all  defense  lines  indicates 
greater  advantage  oen  be  gained  tpom  additional  resouroes* 

The  scenario  in  Case  I begins  with  a balanoad  defense*  Red 
iaBMdiately  oossiita  one-half  of  the  tank  diviaion  to  Sector  1*  With 
no  resouroes  Blue  oomnita  half  his  reserve  to  Sector  1 (Beoision  3)  on 
the  first  day  and  transfers  elements  from  Seotor  1 to  Sector  2 (Deci- 
sion 1)  on  the  seoend  day*  No  action  is  taken  until  foroe  is  added  to 
the  reserve  from  Seotor  2 (Beoision  6)  on  the  fifteenth  day*  At 
resource  level  4 the  barrier  frnotion  is  added  to  Seotor  2 (Decision  13) 
on  the  first  and  fourteenth  day  and  the  reserve  is  supplemented  from 
Seotor  1 (Beoision  5)  on  the  fifteenth  day*  Xqual  functionals  and 
equal  slaok  are  guierated  at  reaouroe  levels  6 and  12  by  purohasing  a 
tank  company  for  Seotor  1 (Deoision  10)  on  the  first  dayi  and  recon- 
stituting the  reserve  from  Seotor  1 (Beoision  S)  on  the  fifteenth  day* 
The  barrier  function  (Beoision  13)  is  etsployed  from  Bfll  to  Bf14  in 
the  latter  oase* 

Case  II  is  similar  to  Case  I exospt  the  aggressor  foroe  is 
smaller*  At  all  resouroe  levels  one-half  the  reserve  is  oonmltted  to 
Sector  1 (Beoision  3)  on  the  first  day*  The  reserve  ie  reconstituted 
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earlier  (D+-7  or  O+fl)  than  in  Caoe  I.  At  reeouroe  level  12  the  barrier 
function  (Deoiaion  13)  io  uaed  to  bolater  Sector  2 in  the  period  I>f12 
to  l>f15*  In  Case  III  with  all  defenae  lines  ecrually  weljihted  the 
battle  shifts  to  Sector  2 early*  At  the  lower  reeouroe  levele  the 
reaerve  ia  committed  to  Sector  2 (Decision  4)  on  the  second  day.  After 
the  initial  coomitment  of  additional  combat  power,  the  barrier  function 
is  selected  73  percent  of  the  time  interspersed  with  buys  of  additional 
tank  companies  and  artillery. 

For  Cases  IV  through  XIII  the  mid  and  low  replacement  rates 
force  the  functional  value  to  zero*  Blue  coxmot  win.  In  these  oases 
it  was  a general  rule  that  the  eolection  of  Option  1 for  the  defense 
line  weifd^ting  function  (front  to  rear  decreasing  wel^ts)  forced  an 
early  commitment  of  the  reserve  to  Sector  1 (Decision  3)  and  subsequent 
lateral  transfer  of  forces  to  Sector  2 (Decision  l)  at  the  lower  re- 
source levels.  In  contrast,  Option  2 for  defense  line  weighting 
(equal  weights)  tended  to  force  Blue  to  develop  the  situation  in  early 
periods  and  commit  the  reserve  to  Sector  2 (Decision  4)  after  Df5*  The 
blatant  exception  to  this  lailo  was  Caoe  XII  which  was  one  of  two  cases 
which  used  the  low  replacement  rate.  In  this  case  elements  of  the 
reserve  were  committed  to  both  sectors  and  additional  lateral  transfers 
of  forces  from  Sector  1 to  Sector  2 were  required  to  overcome  the  rapid 
force  deterioration.  In  aill  cases  at  some  resource  level  the  reserve 
was  reconstituted.  Of  particular  note  weis  Case  XI  which  used  the 
defense  line  weighting  function  which  increased  moving  front  to  rear. 

In  early  time  periods  the  reserve  was  strengthened,  a logical  decision 
since  the  moot  wei^t  is  thrown  to  rearmost  defense  lines* 


All  of  Cases  IV  to  XIII  utilized  the  barrier  function 
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CQfflpletflly  at  raooiirce  level  4 moetly  in  the  period  1H12  to  IHI^  This 
phenomenon  is  not  mtrprlBlng  ooneiderin^  the  oonetruction  of  the 
algorithm*  At  limited  reeouroe  levele  the  combat  multiplier  would  be 
of  moet  value  in  the  later  time  perioda  when  the  force  dcccvy  has 
stabilized*  This  process  con  be  compared  to  the  realistic  expectation 
of  preparing  subsequent  pooitionSf  mi  oh  that  as  a force  withdraws  it 
can  occupy  stronger  positions* 

At  resource  level  8 Cases  VI  and  X show  choices  of  resource 
oost  alternatives  to  the  barrier  (Table  4*8)  without  slack  resources. 
Case  VI  offers  the  alternatives  of  two  tank  companies  or  two  artillery 
batteries  so  the  alternative  ohoioe  is  not  surprising*  Case  X includes 
the  option  for  mltiplying  the  speed  of  inputting  the  barrier  function 
by  three*  It  is  logical  to  ontioipate  more  freedom  to  choose 
alternative  deolsions  in  that  ease* 

The  Bpeoial  soenarlOi  Case  XXII,  idtere  the  tank  division  was 
held  to  D+8,  oan  be  compared  to  Case  IV  for  other  equivalent  options* 
The  resource  expenditure  was  equivalent  in  both  oases*  In  Case  XIII, 
however,  the  early  decisions  to  omnait  the  reserves  and  laterally 
transfer  forces  are  not  taken*  In  this  case  the  Blue  commander  has 
the  tendency  to  take  no  action  (Deoieion  7)  and  let  the  situation 
develop* 

At  resource  level  12  many  oases  reflect  an  economy  of  force 
action*  The  barrier  function  is  employed  in  the  first  period  and  the 
reserve  is  strengthened  in  the  second*  In  all  oases  the  tendency  to 
use  the  barrier  funotion  in  earlier  periods  inoreased  as  the  resource 
level  inoreased*  The  general  prooess  of  the  algorithm  is  to  push 
those  decisions  which  oost  fkom  I>f15  to  Dfl* 


in 
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Summary  data  ie  provided  in  Table  Ae  resouroee  increase 

there  is  a decrease  in  the  percental  of  no-action  deoisionst  There  is 
also  a decrease  in  the  proportion  of  no  cost  decisions.  Both  of  these 
trends  should  be  anticipated.  Of  those  decisions  which  incur  a resource 
cost  the  barrier  function  was  chosen  approximately  93  percent  of  the 
time. 

At  this  point  it  is  helpful  to  examine  a specific  case  in  some 
detail  in  an  attempt  to  clarify  the  relationship  of  the  output  to  the 
construction  of  the  algorithm.  Case  IV  was  selected  for  this 
discussion.  This  case  used  the  mid  replacement  rate  and  defense  lines 
weighted  front  to  rear  (see  Table  4.5}*  The  resulting  decision 
seqfuencee  for  this  case  are  displayed  in  Table  4*1 1*  Foi*  first 
three  resource  levels  the  reserve  is  committed  to  Sector  1 on  the 
first  day.  Forces  are  transferred  from  Sector  1 to  Sector  2 on  the 
second  day  and  that  process  is  reversed  on  the  fourth  day.  Part  of 
the  committed  forces  in  Sector  2 are  returned  to  the  reseimre  on  the 
sixth  day.  The  battle  then  stabilises  until  the  termination  of  the 
conflict.  The  time  sequence  of  the  force  ratio  (Red  to  Blue)  for  each 
sector  at  resource  level  zero  is  shown  in  Figure  4*3.  There  is  no 
difference  in  the  Sector  1 results  for  resource  levels  4 and  8,  and 
a slight  difference  in  the  Sector  2 results.  By  employing  the  barrier 
in  Sector  2 the  rate  of  decrease  of  the  force  ratio  is  greater  once  the 
steady  state  condition  is  achieved.  The  l>f15  force  ratio  values  are 
3.l?t  3.l6,  and  3.14  for  resource  levels  0,  4.  and  8 respectively. 

Figure  4.4  shows  the  force  ratio  trends  for  resource  level  12.  In  this 
case  the  barrier  function  is  employed  in  the  first  period;  the  battle 
quickly  stabilizes,  and  the  trend  favoring  Blue  continues  until  the 
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battle  ie  terminated.  At  all  resource  levels  Blue  obviously  employs 
economy  of  foroe  by  usin#’  less  forces  in  the  Sector  with  the  barrier. 

One  of  the  apparent  anomalien  in  the  model  is  the  fact  that  the 
barrier  function  is  chosen  but  the  functional  value  is  not  cignificontly 
influenced.  This  phenomenon  is  a desifTi  shortfall  in  the  model.  '.Then 
the  technique  was  discussed  in  Chapter  III  the  point  was  made  that 
there  was  only  a limited  capability  to  look  back  at  previous  decisions 
as  the  resource  levels  increase.  At  the  lower  resource  levels  Blue  ie 
unable  to  influsnoe  the  earliest  periods.  The  barrier  function  was 
designed  to  foroe  the  barrier  to  be  input  front  to  rear.  As  a result 
by  the  time  the  inoentive  for  using  the  barrier  is  realized  the  holding 
probability  for  the  first  defense  line  has  become  zero.  The  barrier 
then  has  a significant  influence  on  attrition  with  only  a limited 
influsnoe  on  the  objective  function. 

There  are  two  alternatives  for  correcting  this  deficiency.  The 
first  alternative  is  to  consider  the  barrier  function  by  defense  line 
as  an  additional  decision.  This  alternative  would  increase  the 
decision  list  from  13  to  23  with  a resulting  si^iificant  increase  in 
computer  run  time.  The  other  alternative  is  to  simplify  the  current 
program  b7  considering  the  barrier  function  to  be  equally  distributed 
over  all  dsfanse  lines. 

Some  criticism  might  be  directed  to  the  alternatives  to  the 
barrier  fbnotion.  Table  4*12  portrays  the  comparison  of  adding  a tank 
company  to  the  weic^ted  firepower  in  one  sector  on  three  successive 
days  with  the  inoreaae  in  the  barrier  function  on  three  successive  days. 
Zero  attrition  was  assumed  for  this  example.  The  range  of  values 
indicate  that  the  alternatives  to  the  barrier  function  are  reasonable 
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from  a firapowar  atandpoint. 


TABLE  4*12 

COKPARISOK  OP  TAKE  CONPANT  ALTEOfATIVS 
HITR  BARRIER  IWCTION 


PAY 

ALIEP  TANK 
CQMPlKIESrCUMi 

WEICHTEP 

PIREPOWER 

BARRIER 

MULTIPLIER 

WEIGHTED 

PIREPOWE] 

P 

0 

95*27 

1*00 

95.27 

Pi-1 

1 

102*18 

1*05 

100*03 

Pf2 

2 

109.08 

1.10 

104*80 

P*3 

3 

115.98 

1*15 

109*58 

Chaptar  II  oonoludad  rntmting  that  avallabla  biatorloal  data 
indlcatad  that  tha  Influanoa  of  tha  barrlar  was  to  aid  in  aoonoaor  of 
force,  breaking  and  maintaining  oombat,  permitting  the  defender  to 
prepare  subaaciuant  poeitione,  oonetrioting  oombat  eervioe  support  and 
developing  intelligenoe*  The  only  one  of  theae  fbnbtions  explioltljr 
dieciiaaed  in  thie  general  preaentation  of  reiulta  was  economy  of  foroe* 
The  reaultB  have  also  provided  indioationa  that  some  of  the  other 
functions  may  be  studied  in  some  detail  by  employing  this  teohni(iue. 
The  alteration  of  the  barrier  funotlon  to  enable  oonaidering  each 
defense  line  as  an  independent  action  should  permit  fireedom  to  prepare 
subseciuent  posit  ions*  The  aepeot  of  breaking  and  maintaining  oontaot 
io  inplioit  in  the  holding  probability  oonoept.  This  factor  can  be 
controlled  by  the  weigh'tlng  assigned  to  the  separate  defense  lines* 

As  the  Blue  foroe  is  forced  to  hold  forward,  it  is  advantageous  to 
maintain  contact.  As  the  waists  are  reversed,  it  is  advantageous  to 
reduce  contact.  The  model  contains  no  projected  capability  to  relate 
to  constricting  combat  service  support.  Althou^  this  function  should 
not  be  dismissed  summarily,  there  does  not  appear  to  be  a feasible  way 
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to  r«pres«nt  it  in  a uaaful  fashion.  The  modol  doss  not  presently  in- 
olude  the  capability  to  study  the  aspect  of  developing  intelligence. 

As  currently  structured  each  side  has  siipiifioant  intelligence  on 
conmitted  forces.  Blue  does  have  an  advantage  in  that  he  chooses  his 
decision  after  Red  so  Red's  basis  for  action  is  actually  one  period 
behind.  If  other  probleas  con  be  suooessililly  resolved,  the  addition 
of  a useful  intelligence  routine  should  not  be  diffioult. 


I 

I 


CHAPTER  V 

CONCLUSIONS,  SUMMARY  AND  REJCOMNOnUlTIGNS 

The  initial  major  oonoluEion  indicated  by  this  reaearoh  effort 
is  the  inadvisability  of  attempting  to  represent  the  value  of  the 
artifioial  obstacle  syeten  in  ooabat  by  expliolt  delay*  Additional 
time  is  of  no  value  to  the  ooeaander  unless  he  is  free  to  exeroiss  his 
reeourosa  to  aoorus  some  advantage  within  that  time*  There  are 
indications  both  in  current  analyses  and  sxlsting  historical  suanaries 
that  the  oonbat  oultipller  effect,  independent  of  delay  time,  which 
can  be  realized  from  the  employment  of  artifioial  obstaoles  is 
si^ifieant.  That  fact,  however,  is  of  little  value  to  the  force 
stz*ucture  decision  process  until  some  analytic  basis  ie  created  idiloh 
will  permit  a comparison  of  resource  costs  for  alternatives  to 
achieving  that  function.  The  historical  research  also  provided 
considerable  insight  into  the  possible  effects  of  the  artifioial 
obstacle  system  beyond  nrultlplying  firepower.  Those  effects  included 
aiding  in  economy  of  force,  breaking  and  maintaining  ocntaot,  prepiuring 
subsequent  positions,  and  developing  intelligence. 

The  hypothesis  for  this  research  effort,  as  amended  in 
Chapter  II,  stated:  It  ie  feasible  to  estimate  the  value  of  a barrier 

at  engagement  levels  appropriate  to  theater  modeling  using  simulation 
modeling  techniques.  The  literature  search  provided  some  definition 
to  the  b.irrior  contributions  in  a qualitative  sense.  These  contribu- 
tions wore  summarized  in  the  requirement  to  represent  freedom  of  action. 

Ill 


11? 


That  reprvBentatlon  wu  d«fin«d  aa  tha  aljimlation  of  the  comnander'G 
decinion  proceaa  in  a manner  which  permitted  a djmafflio  control  of 
reaourcee.  The  oreation  of  that  environment  required  a modeling 
technique  dieaimilar  to  those  currently  used  in  production  modes  to 
support  force  structure  enalyBis* 

The  tecnhique  eeleoted  to  support  this  thaaie  was  c computer 
simulation  war  game  developed  on  an  experiaental  basis  at  the  Research 
Analysis  Corporation.  The  war  game  usea  a baaio  dynanio  proi^anming 
algorithm  to  represent  defensive  combat  in  an  environment  where  the 
defender  is  permitted  to  select  courses  of  action  firoo  an  odmissable 
decision  list  in  an  attempt  to  maximise  his  PEBA  position.  This 
technique  was  adapted  in  a prototype  model  called  the  Barrier 
Effectiveness  Analysis  Revision  (BEAR)  for  the  purpose  of  studying  the 
barrier  oontribution  to  combat. 

Rssults  produced  bjr  oonstruoting  and  operating  the  first 
generation  BEAR  do  indioate  the  capability  to  produce  sufficient 
freedom  of  action.  That  oharactarietio  provides  a basis  for  studying 
the  qualitative  aapeots  of  the  barrier  contribution  to  force 
performance  in  addition  to  the  firepower  multiplier  capability.  The 
term  "first  generation"  has  been  applied  to  BEAR  because  the  results 
also  indioate  some  si^iifioant  shortfalls  in  the  model. 

As  currently  struotured  the  model  quickly  produces  a steady 
state  condition.  There  are  several  factors  which  appear  to  contribute 
to  that  outoome.  One  major  aspect  that  must  be  considered  in  discussing 
thess  factors  is  the  nature  of  the  basio  dynamic  programming  algorithm. 
The  algorithm  seeks  a looal  optianm.  la  the  ease  of  this  particular 
model  that  optimum  is  seleoted  at  the  iaterseotion  of  a time  period  and 
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reoouroe  Although  th«r«  1e  aom*  oapubllity  to  look  book  and 

altor  a previoua  daoiaion,  that  oapablllty  la  limitad.  Thua  at  a 
partloular  tina  tha  avallabla  daoiaiona  Muat  prevlda  a ai^ifioant 
impact  xmdar  tha  azlatlaf  ooaditlona  to  produoa  a radioal  ohaafa  la 
output. 

A major  oontrlbutor  to  tha  ateady  state  enviroamaat  ia  tha 
limitad  Red  atratagy.  Although  Rad  baglna  with  a large  reaarvat  that 
reaerve  ia  quickly  ooomiltted.  The  foroa  thrasholaa  whioh  ooatrol 
eubaacpient  Rad  novanents  ar*  so  great  that  led  ia  unable  to  take  a 
Gignificaatly  altered  action  after  the  third  day.  Faoing  thia  ateady 
state  opponent,  it  ia  logical  for  Blue  to  also  achieve  a steady  state 
condition  aa  long  aa  the  aeleoted  daoiaiona  do  improve  hia  poature  in 
eaoh  time  period. 

Another  reetrlotive  factor  in  this  partioidar  analysis  was  the 
seleotion  of  time  period,  nte  deoision  space  was  ohoaen  to  oorreapond 
to  those  actions  tdiioh  might  logically  occur  in  one  day.  An  expanded 
time  period  would  foster  decisions  that  would  have  a greater  impact 
on  outcome.  In  the  case  whioh  permitted  the  barrier  to  be  input  at 
three  tlmee  the  original  rate,  the  Blue  commander  was  able  to  expand 
the  scope  of  actions  which  he  could  select  to  impact  on  the  outcome. 
This  result  demooatrated  the  neoeaaity  to  review  the  scope  of  the 
decision  space. 

The  weaknesses  in  the  representation  of  the  barrier  fUnotion 
were  disoussed  at  soma  length  in  Chapter  IV.  With  the  oompressed  time 
frame  and  the  speed  at  whioh  the  barrier  can  be  constructed,  the 
possible  impact  is  not  aoourately  represented  when  the  Blue  commander 
is  restricted  to  a policy  of  oompletlng  the  barrier  fi'om  front  to  rear. 
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Thii  Bhortfall  did  not,  how«v«r,  rMirlot  th«  barrlor  function  ft'om 
being  an  attractive  alternative  within  the  available  deoiaion  apace. 

The  hypotheaia  streeaed  feasibility.  The  reaulta  from  the 
firat  generation  BEAR  do  support  feasibility.  The  model  ie  not  yet 
capable  of  providing  a practioal  result.  The  reoulto  do  eupport  a 
reconmendation  for  developing  a second  generation  BEAR  capable  of 
studying  the  barrier  function  in  greater  depth.  Recommended  alterations 
to  the  model  are  a mora  flexible  representation  of  Rad  strategy,  an 
extended  tine  frame  tfith  appropriately  altered  daoiaions,  and  an 
improved  repreaentation  of  the  barrier  Amotion. 

The  particular  technique  adimted  to  produce  the  BEAR  modal 
damenstrataa  oharaoteriatioa  trtiioh  nay  be  useful  in  other  foroa 
structuring  analyses.  The  decision  epaoe  oonoept  providaa  the 
opportunity  to  examine  any  number  of  alternative  firepower  oriented 
oonoepta.  A unique  analytic  flexibility  is  also  provided  by  the 
geometric  representation  of  the  battlefield  using  sector  widths  and 
defense  lines.  Rather  than  being  tied  to  seotor  widths  of  specific 
distanoee,  the  analyst  can  examine  several  distinct  conceptual  cembat 
environments  by  controlling  the  unite  input  to  a given  sector.  For 
example,  assume  the  ohoioe  of  three  eeotors  which  might  correspond  to 
Blue's  anticipated  use  of  three  reinforced  brigades.  Tbe  concept  of  a 
oonoentrated  attack  on  a narrow  front  mi^t  be  examined  by  inputting 
two  Red  divisions  in  one  sector  and  a reinforced  regiment  in  each  of  the 
other  two.  Another  possible  environment  that  mi^ht  be  examined  using 
three  sectors  is  an  open  flank.  Blue  forces  mifdit  be  input  with  only  a 
aoreenlng  type  force  in  one  sector.  To  be  useful  these  sosnarios  must 
include  selected  terrain  values  and  decision  spaces  that  would  provide 
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for  lo^oal  alternative  ooureee  of  action. 

This  thesis  has  provided  definite  Indloatlons  that  the 
experimental  teohnlque  of  war  gaming  based  on  the  dynamio  prograoning 
algorithm  developed  at  the  Reeearoh  Aaaljrsie  Corporation  oan  be  ^>plied 
to  existing  force  structuring  problems.  Consideration  must  be  given 
to  computer  storage  and  run  time.  The  comparative  complexity  of  other 
war  games,  however,  supports  a recommendation  for  continuing  the 
development  of  this  technique.  The  barrier  problem  is  not  yet  solved. 
This  research  effort  does  provide  a starting  point  for  that  solution. 
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This  appvndlx  Inoludea  two  seta  of  computer  oodlag  end  output* 
The  first  set  provides  a sample  progrom  listing  and  output  for  the 
Barrier  Sffeotiveness  Analysis  Revision  (BEIAR)  model  os  it  was 
struotured  to  produce  the  various  oases  which  were  disoussed  in 
Chapter  IV.  Suboeciuent  evaluation  of  the  model  indicated  that  a 
coding  error  had  existed  in  the  dynamic  programming  sequanoe 
(Subroutine  IP).  That  error  is  shown  at  Line  Number  The 

primary  effect  of  the  error  was  to  base  all  deoisions  after  the  first 
period  on  only  one  firepower  type  for  Rect— artillery,  nia  barrier 
function  was  then  competing  with  other  resouroe  cost  alternatives 
which  did  not  actually  impact  on  the  objective  function.  The 
subsecpiont  results  from  that  output  cannot  be  considered  valid.  The 
value  of  the  information  in  Chapter  IV  must,  therefore,  be  restricted 
to  a demonstration  of  a method  for  structuring  an  analysis  using  this 
modeling  technique.  That  structure  includes  the  identifioation  of  key 
input  variables  and  some  of  the  possible  methods  for  considering  the 
output  data. 

The  coireotion  of  the  coding  error  in  the  original  model 
exposed  faulty  logic  construotions  in  the  methods  used  to  control  the 
Blue  reserve  and  the  barrier  funotlon.  The  correction  of  these  logio 
structures  required  a major  revision  in  the  program.  The  second  set  of 
program  listings  and  output  data  in  this  appendix  are  from  a sample  run 
of  that  revised  program  (BBAR2).  Limited  available  time  prevented  a 
lengthy  analysis  of  the  type  preeented  in  Chapter  IV  using  the  modified 
program.  Some  output  data  are  available,  however,  to  provide  a basis 
for  comparing  BEIAR  and  BBAR2. 

The  alteration  in  method  for  controlling  the  Blue  reeerve 
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apparently  haa  llttla  inpaot  an  tha  beat  tlma  parioda  or  looatlonc 
for  connitting  the  reaarva.  The  raconotitutlon  of  the  reoerve  in 
oonalderably  reduced,  however,  alnoe  the  full  effect  of  Red  tank  and 
antitank  weapons  ie  now  inoludad.  A major  change  in  concept  for  BEAJ12 
was  tho  implementation  of  one  of  the  alternative  methods  for 
rapreaenting  the  harrier  function  reooaaendad  in  Chapter  IV*  To  enable 
a rapid  reatruoturing  of  tha  laodel,  tha  barrier  function  woo  simplified 
by  representing  the  barrier  effaot  as  being  equally  applied  within  a 
aaetor  rather  than  oonsidsring  each  defense  line  sai>arately*  With  the 
altered  repreaeatation  of  the  barrier,  EBA112  output  tends  to  predict 
that  the  barrier  is  not  nearly  as  attraotive  compared  to  the  other 
firepower  options  as  the  BEAR  reaulta  had  indicated.  The  sample 
output  from  BEAR2  does  follow  tho  trend  to  use  the  barrier  in  Sector  2 
(daoisicn  13}  in  the  first  time  period  as  an  economy  of  force  measure 
until  after  -*^he  reserve  is  oommitted  to  Sector  2 (decision  3)  in  the 
second  time  period*  Hie  prinolpal  difference  is  that  the  barrier 
function  in  BEAR2  is  not  attraotive  in  the  later  time  periods*  The 
decision  algorithm  now  fiiequently  selects  tbs  option  of  buying 
additional  tank  oompanies* 

A speoial  case  was  oonstruoted  using  BUR2  as  a basis  for 
extending  the  dieoussion  on  the  representation  of  the  barrier*  In  this 
ease  the  resource  oost  edtematives  to  the  barrier  were  set  to  zero 
capability*  ^le  resulting  decision  sequence  is  displayed  in  Table  A*1* 
Red  is  stronger  in  Sector  1*  Blue,  therefore,  uses  the  barrier  to 
bolster  Sector  2 before  and  after  the  reserve  is  committed  to  Sector  1* 
Subsequently  the  barrier  is  used  to  strengthen  Sector  2 after  forces 
have  been  transferred  to  Sector  1*  The  oonolusion  is  that  although  the 


reoulto  are  not  ai  favorable  to  the  barrier  fimotion  as  originally 
indicatod,  the  modeling  technique  does  deoonetrate  the  capability  to 
represent  the  barrier  function  os  more  than  a firepower  multiplier* 
It  must  be  admitted,  however,  that  with  limited  output  data  the 
hypotheeie  of  feasibility  is  not  at  thle  point  ae  strongly 
substantiated  as  the  body  of  the  thesis  aleiit  indicate* 


TABLE  1*1 


SPECIAL  CASE  USING  BKAR2 
(No  Alternatives  to  Barrier  Selection) 


Time 

Period 

Resource  Level 

0 4 8 

J2 

D-Doy 

3 

13 

13 

13 

+1 

4 

3 

3 

3 

+2 

7 

13 

13 

13 

+3 

7 

13 

13 

13 

+4 

7 

1 

1 

1 

+5 

7 

2 

2 

2 

7 

7 

13 

13 

+7 

7 

1 

1 

1 

7 

2 

2 

2 

♦9 

7 

1 

1 

1 

♦10 

7 

2 

2 

2 

+11 

7 

1 

13 

13 

+12 

7 

2 

1 

1 

+13 

7 

7 

2 

2 

+14 

7 

1 

1 

1 

Decision  1 - 

Transfer 

From 

Sector  1 

to  Sector 

Decision  2 - 

Transfer 

Prom 

Sector  2 

to  Sector 

Deoision  3 - Reserve  to  Sector  1 

Decision  4 - ResoiTro  to  Sector  2 

Decision  7 - Do  Nothing 

Deoision  13  - Barrier  Sector  2 


BEAR2  should  not  be  visualized  ac  the  second  generation  modal 
reooramcnded  for  development  in  Chapter  V*  The  critical  aspect  of 
driving  to  a steady  state  solution  beoause  of  the  Red  force  limited 
flexibility  still  exists*  The  major  conolusions  and  reoommendatione 


dev«lop«d  from  thi.  an«ly»i8  do  not  appoar  to  bo  aovoroly  weakened 
by  the  neoooDity  for  including  thia  addendum. 


